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PROCEEDINGS OF TWENTIETH ANNUAL MEETING 


contnbution to the field of Clinical Investigation At the same 
time he w as encouraging cooperative efforts in other departments of 
his University He was alw'ajE helping others , his advice w as sought 
by man)’^ One w^onders how he found time to do so much And in 
the last year he faced the inevitable wuth a courage that has stimu- 
lated all who knew him to carry on in a wEy they W'ould not have done 
had he not lived His place cannot be filled 

Observations on the Etiological Relationship ojAclnha Gaslnca to Pernicious Anemia 
Bj W B Castle (bj' invitation) and Edwtn A Locke, Boston, INIass 

The acDon of hver in benefiting cases of pemiaous anemia promptly and 
throughout the duration of the liver diet suggests the possibility of a deficiency 
etiology for the disease The defiaencj' would, however, seem not to be of the 
usual dietary^ t 3 ’pe, for liver is ordinanlv absent from the diet of unaffected nor- 
mals The high inadence of a marked reduction of hydrochloric acid and pepsm 
in the stomach, sometimes discovered before the development of the disease, and 
not affected by the general improvement of the patient on a hver diet, suggests 
that the achylia mav possibly play an mtermediarj' r6Ie in causing the defiaency 
An obvious possibihty, espeaallj' in view of the probable polypepUd nature of the 
effective pnnaple in liver extract, is a defiaenc>' of the gastnc digestion of protem 

To test this idea, the contents of the stomach of a normal man recovered one 
hour after a meal of 300 grams of rare Hamburg steak w'as administered daily 
to each of ten patients with permaous anemia The matenal as obtained from 
the normal stomach was treated with strong hydrochlonc acid to pH 2 to 3, 
meubated six hours, then neutralized wuth sodium hydroxide to pH 5, and given 
bv stomach tube to the fastmg patient In eight of the ten patients so treated 
clmical improvement, a charactenstic nse of the reticulocytes and a progressive 
increase of the red blood cells w as observed, comparable to effects ordinanb' seen 
wnth small doses of hver in similar patients In one of the eight cases benefited 
the effect may have been imtiated bv a transfusion, and in one of the two cases 
showung no climcal improvement there was a slight mcrease m the reticulocytes 
at the expected time 

The dailj admimstration of mixtures of 300 grams of Hamburg steak with 
commeraal piepsm or with 150 grams of the mucous membrane of the pig’s 
stomach, incubated like the gastnc contents, was found meffecDve in three of 
these ten cases, and m two others In three cases of this senes, and in two other 
cases 200 to 300 grams of Hamburg steak dailj were given without effect In 
another case, rmxtures of Hamburg steak and h^ drochlonc aad gave no benefit 
In wen of Elders’ work these controls must nevertheless be mulDplied 

At present a defimte conclusion is impossible, but these observations suggest 
that the secreDons of the normal gastnc mucous membrane alone, or through their 
action on food protems, can produce some substance capable on oral administra- 
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The Effect of Uypcrthyroidtwi on the Total Blood Count Bj Harr\ Blotver, 
Reginald Frrz, and \\ elliam P Munpin., Boston, Mass 
A fe\\ y ears ago Thompson showed that the plasma ^ olume is dimimshcd m 
mjwedema We attempted to studj the converse of his work bv studMng the 
plasma -volume in hj’perthjToidism We at once became mterested in the be- 
hamor of the red cell count It appeared that the ordinarj method for counting 
red cells is relativelv maccurate, the blood count is e-^pressed m corpuscles per 
volume of blood without taking mto consideration differences m total blood 
V olume which may occur, or differences m mdindual body size and shape W'e 
made therefore, total red blood counts e-rpressed in trillion red cells circulating 
per square meter of surface area WTen so e-epressed, patients with a low meta- 
bolic rate appear to have a Ion total red blood count nhich mcreases in almost 
direct proportion to an mcreasmg metabolic rate Patients with hjqjerthjTroidism 
have a high total red count The nsing total red count which parallels a nsing 
metabohe rate m th-yroid disorders is verj' similar to the rising red count found 
in permaous anemia cases under treatment -with hver It appears, therefore, that 
' the rate of metabolism may have an appreaable effect upon the total red count 
Our data bnng to mind the possibihty that the factor of stimulation of the metabo- 
lism of the blood fonmng tissues may be one possible factor m the beneficial effect 
of luer in permaous anemia, although before this point can be parbcularly 
stressed, further observ'ations are necessary" 

The Chloride, Base and Nitrogen Content of Gastric Juice After Eistamine Stimula- 
tion By Scott PoLLA^•D and A M Roberts Cby invitation) and A L 
BLOOiEFiEED, San Franasco, Cahf 
See pubhshed article, Jour Clds iNtmsx , 1928, v, 611 

Eisiologic Studies on the Small Peripheral Arteries and Arterioles in Ambulatory 
Cases of Eigh Blood Pressure By J W'^ Ker>.ohan and E W^ Akderso-v 
(bv mvntation), and N hi Keith, Rochester, himn 

Tissues taken at autopsj from cases of mabgnant hypertension showed, as the 
significant histologic picture, a diffuse artenolar lesion This suggested further 
studv of the smaller vessels in tissue obtained from ambulatory patients with high 
blood pressure The biopsy matenal was obtained from the pectoral muscle 
The histologic study of the artenoles in this tissue form the basis of this repiort 
AH cases show marked thickenmg of the walls of the smaller artenes and artenoles, 
cspeaally hypertrophv of the muscular elements of the media and also hypertrophy 
of the mtemal elastic lamma Pern ascular fibrosis is not constant There seem 
to be different degrees of hyperplasia of the hmng endothehum of these vessels 
but the hyperplasia is not particularly constant in cases of mabgnant hypertension 
This finding agrees with that previoush reported m autopsv" cases An attempt 
has been made to relate the microscopic findmgs m these cases -with the ophthal- 
moscopic exammation of the retmal artenes, the appearance of the nail-fold capil- 
lanes and other climcal findmgs 



4 


PROCEEDEs'GS OP X\N’XXTrETH AKOT\L MEEUKG 


The Effect of Hyperthyroidism on the Total Blood Count Bj Harr\ Blotver, 
Reginald Frrz, and \\ elliaii P Muitpiri, Boston, Mass 
A few y ears ago Thompson showed that the plasma ^ olume is dimimshcd in 
mjNcdema We attempted to studj the converse of his work bv studMng the 
plasma \ olume in hj’perth3Toidism Me at once became mterested in the be- 
havior of the red cell count It appeared that the ordinary method for counting 
red cells is relatively maccurate, the blood count is expressed m corpuscles per 
volume of blood without taking mto consideration differences m total blood 
V olume which maj' occur, or differences m individual body size and shape M'e 
made therefore, total red blood counts e'cpressed in trillion red cells circulating 
per square meter of surface area M'hen so expressed, patients with a low meta- 
bolic rate appear to have a low total red blood count which mcreases in almost 
direct proportion to an mcreasmg metabolic rate Patients with hj'perthj'roidism 
have a high total red count The rising total red count which parallels a nsing 
metabohe rate m thyroid disorders is verj’- similar to the nsmg red count found 
in permaous anemia cases under treatment wrth hver It appears, therefore, that 
' the rate of metabolism may have an appreaable effect upon the total red count 
Our data bnng to mmd the possibihty that the factor of stimulation of the metabo- 
lism of the blood forming tissues may be one possible factor m the beneficial effect 
of luer in permaous anemia, although before this point can be parbcularly 
stressed, further observations are necessarj' 

The Chloride, Base and Nitrogen Content of Gastric Juice After Histamine Stimula- 
tion By W Scott Polland and A hi Roberts (by invitation) and A L 
Bloovieield, San Franasco, Cahf 
See pubhshed article, Jour Cun Invtest , 1928, v, 611 

Histologic Studies on the Small Peripheral Arteries and Arterioles in Ambulatory 
Cases of High Blood Pressure Bj' J IV Kjeknohan and E W Anderson 
(bv mvntation), and N hi Keith, Rochester, himn 

Tissues taken at autopsj from cases of mahgnant hypertension showed, as the 
significant histologic picture, a diffuse artenolar lesion This suggested further 
studv of the smaller vessels in tissue obtained from ambulatoiy patients with high 
blood pressure The biopsv material was obtamed from the pectoral muscle 
The histologic stud} of the artenoles in this tissue form the basis of this repiort 
All cases show marked thickenmg of the walls of the smaller artenes and artenoles, 
cspeaallv hv-pertrophv of the muscular elements of the media and also hypertrophy 
of the mtemal elastic lamma Pemascular fibrosis is not constant There seem 
to be different degrees of h}'perplasia of the hmng endothehum of these vessels 
but the hv-perplasia is not particular!} constant in cases of mahgnant h}pertension 
This finding agrees with that prevnouslv reported m autopsy cases An attempt 
has been made to relate the microscopic findings m these cases with the ophthal- 
moscopic examination of the retmal artenes, the appearance of the nail-fold capil- 
lanes and other climcal findmgs 



6 


PROCEEDINGS OF T^^•ENTIEXH ANNUAL MEETING 


animals, urea has been substituted for nutntive nitrogenous foods In our 
expenments it has been added to an alread\ adequate diet Addis was unable to 
recover all the urea admmistered to normal mdividuals within 48 hours after it 
had been given, although the urea excrebon had apparently returned to the 
normal level 

If such large quantities of urea can be retamed in the body without aflectmg the 
non-protein nitrogen of the blood, current theones which claim that urea is 
equally distnbuted throughout the flmds of the body, are untenable Further- 
more, one should expect mtrogen thus retamed to be swept out m subsequent 
penods if urea is, as has been generally believed, an obligatory waste end product 
of metabobsm which must be excreted 

Other studies aimed to determine more accurately the fate of urea are bemg 
undertaken 

All Analysts oj the Adrendm Reaction and Its Relation to the Blood Chemistry 
etc By Wn-LiAii F Petersen, Chicago, HI 

The effect of adrenahn on the blood pressure has been studied in 100 so called 
normal mdividuals, as well as m some 75 patients and the results of the systolic 
blood pressure correlated with blood chemistry (calcium, potassium, phosphate, 
sugar, etc ) as well as with the basal metabolism, the albumm-globuhn ratio and 
the physical examination of the patient In addition, the reaction of the skin 
to pharmacological substances has been followed in the same patients The 
range of the reaction for the normal, as well as for the exaggerated reactions of 
the vagotonic and sympaticotomc mdividuak has been determmed 

Physiological Factors Influencing Inorganic Sail Secretion By Ray Farquhar- 
SON, and WiLLiAii Salter, (by mvitation) and Joseph C Aun, Boston, Mass 
Four patients were studied to determine the effects of exerase, change of diet 
and ingestion of acid and base upon their inorganic salt secretion 

We determmed the calaum, phosphorus and total base of urme and feces, the 
ammonia, titratable aad, chlondes, sulphates and mtrogen m the unne, and 
the serum calaum, phosphorus, carbon dioxide and protein The diet was then 
varied from a neutral to an aad diet and penods wnth alkahes, ammonium chlonde 
and aad phosphates were given The effect of rest m bed was also studied 
The results demonstrate the extent of physiological changes which may occur 
in the organism with respect to inorganic salt secretion The importance of such 
obsen ations as a basis for the study of abnormal conditions is obvnous 

Pleural and Pulmonary Lesions in Rheumatic Fever By John R Paul, Philadel- 
phia, Pa 

The study reported below is essentiallv a pathological one based upon ma- 
tcnal from a senes of 28 autopsies performed upon patients who died m the 
activ e stages of rheumatic fever The basis of selection of these cases w as the 
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earl\ bronchopneumonia In spite of our negatn e bactenological studies it ma\ 
be relati\el\ non-speafic, represenbng a pneumonia occumng m a lung m uhich 
there is marked arculatorj stasis, but its focal nature has suggested that it ma\ 
be a purpunc manifestation 

Frank earh lobular pneumonia of proven bacterial ongin has been a relatneh 
uncommon finding m our senes 

A Sliid\ of Prolonged Amtcido-vcnlrtcular Conduction vt Rheumatic Fever 
Robert L LEtA. and (by invitation) Kxvneth B Turxer, New York Clt^ , 
N Y 

A companson has been made of the madence of prolonged AA’’ conduction in 
rheumatic fe\er and m other diseases The matenal is taken from a general 
medical service dunng a ten vear penod The following pomts are made (1) 
prolonged A-V conduction is an important entenon m the recognition and differ- 
ential diagnosis of rheumatic carditis, (2) prolonged conduction maj afford en- 
dence of the presence of mi ocardial lesions long after the climcal signs of rheumatic 
disease have subsided, (3) m four cases, prolonged conduction has been found 
dunng or shortly after an attack of acute tonsillitis, m the absence of other evidence 
of rheumatic mfection, (4) in certam instances, there appears to be a definite 
relationship between vanations m conduction time and salicylate medication 
In these cases, sahcvlate apparentlv exerts a favorable effect upon the lesions 
in the heart muscle 

Ohscnations on Goitre m Laboratory Rabbits By Alak IvI Chesvex, and (b% 
ln^^tatlon) Bruce '\\ ebster and Thomas A Clawsov 

\ high incidence of goitre has been observed m a senes of 486 rabbits which 
were used for the studv of experimental svphihs and have been under observation 
for van mg intenals from September 1924 until the present time The fre- 
quenev and extent of the condition have been such as to warrant the use of the 
term “endermc goiter ” The ammals were fed upon a standard diet of oats, cab- 
bage and ha\, and were not given water to dnnk The development of the goitre 
was not related to an\ particular breed of rabbits, but was definitely related to the 
time the ammals had been caged It developed m non-svphilitic as well as in 
svphilitic rabbits 

The enlargement of the gland was diffuse and im olved isthmus as w eU as both 
lobes The glands were vascular and histologically showed marked hvperplasia 
with relative scaratv of colloid In a few, foci of liunphocidic infiltration were 
obscrv cd Alanv of the animals died m a cachectic state, without signs of terminal 
infection and in these the absence of bod} fat was stnkmg 

The heat production in the goitrous ammals was found to be 16 pier cent below 
that of “normal” rabbits on the average Some animak showed a nsing meta- 
bolic rate pnor to death The admmistration of Lugol’s solution bv mouth in 
do«cs of 1 minim per dav was followed bv a prompt rise in the metabohe rate, 
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the injection of speafic antipneumococcus serum in cases of lobar pneumonia 
due to Pneumococcus Tj-pe I, the serum vras found to acquire these same properties 
A stnkmg difference how ever, w as observed betw een the spontaneously recovcnng 
and the treated cases in respect to the cun'e of the Dter of pneumococadal- 
promoDng substances In the former cases the appearance of these bodies was 
followed promptlj by recover} , in the latter the disease frcquentl\ persisted for 
some da} s in spite of the presence of a high concentration of immune substances 
in the serum This phenomenon is discussed 

The Relation of the Hyperglycemia to the Renal Threshold in Older Diabelies and Its 
Clinical Significance Bv Albert A Epstein, New York City, N Y 
In the restmg or fastmg stage of the normal individual the blood sugar level is 
maintained b} tw o factors, nameh , sugar mobilization and sugar uDlization 
After feedmg, the sugar level rises and the curve which the h}’pergh cemia follows 
is small m amplitude and of short duration 

In the restmg stage of the diabebc the blood sugar level depends upon three 
factors, namel} , sugar mobihzation, suger utilization, and sugar excretion After 
feeding, the level of the blood sugar nses sharpl} and the hypergU cemia is of long 
duration 

There is a distinct dijjcrcnce in the citroes of the blood sugar levels of early and 
late diabetes This difference is asenbed to a change m the renal threshold for 
sugar The relation of the renal threshold to the blood sugar level is of two-fold 
character On the one hand, interference wnth the excretion of sugar (renal 
impermeabiht} ) causes a progressive nse m the blood sugar level, on the other, 
readjustment of the level of carboh}drate utihzation m which the kidney partic- 
ipates (renal tolerance) leads to an elevabon of the blood sugar which remains 
constant and represents a condibon m which a balance between the rate of sugar 
mobihzabon and sugar ubhzabon throughout the bod} has been established 
The differences which early and late cases of diabetes show m their reaction 
to insulm wnth respect to the blood sugar level mdicate that the persistent hyper- 
gl} cemia in older or late diabetics is the result of a conservabve process and 
represents an altered state m carbohxdrate metabolism Recognibon of this 
fact IS important in the mterpretabon of the blood sugar findings in the different 
stages of diabetes and in the appheabon of insuhn m its therap} 

On the Significance of the Respirators' Quotient after Carbohsdrate Ingestion B} 
Walter R Campbell and (b} mvitabon) S Soskin, and E J Maltby, 
Toronto, Canada 

W ith the respirabon calorimeter of Macleod we have confirmed on dogs the 
differences recentl} reported in the “respirator} quobent” after adnunistrabon 
of glucose and dth} droxj'acetone After adnunistrabon of 25 grams glucose 
the respirator} quobent nses graduall} to a maximum \ alue of one, then graduall} 
decreases, while after dih% droxi'acetone it nses sharpl} to a maximal \aluc often 
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Mctabohc Disturbances in TI htlc Snake Root Poisoning B\ H A Bulcer and 
r Siirni (bj in\ Ration) and D P Barr, St Louis 
It IS nou well established that the disease known as “milk sick” is caused b\ the 
injection of milk from cows feeding on white snake root {Eupatonum urticah- 
Joltum) Prehmman experiments on animals poisoned bx this plant in\e 
indicated that such studies present a new field for the invesbgation of ketosis and 
of fat and carbohxdrate metabolism The 3 also suggest the cause of certain 
clinical features of “milk sick” and indicate rational treatment of this mistcnous 
maladj We have found that it is ordinanlv impossible to produce more than a 
slight ketosis in rabbits When poisoned with white snake root thc\ developed 
a marked acetonemia and acetonuruf Hx^iogh cemia was a prominent feature 
of the intoxication m these rabbits, most animals died wath hjpogh cemic con- 
xoilsions Another promment feature was a lipemia which max be extreme 
Glucose follow ed b> a high carbohvdrate diet apparentlv restored the animals to 
health The fatigue and rapid recurrence of s>Tnptoms follow mg exertion in 
“milk sick,” the coma and occasional conxTilsions suggest a relationship to 
hjTioglj cemia 

The Isolation and Piinficatton of a New Reducing Urinary Compound Bj 
HILDI^G Berglund and (bj mxatation) Grace IMedes and Anxe LomnxNS, 
ilmneapohs, ^Iinn 

The Circulation in the Pneumonic Lung as Studied bv Means of Temperature 
Measurements during Diathermy By Carl A L Binger, and (bx invitation) 
RoS'ald \ CtnusTiE, and eluelm Ehrice, New York Citj , N \ 

Prevaous studies hax e showai us that the lung of the normal dog can be heated 
onlx slightlx (0 4'’C ) abox’e the sx stemic temperature The cooling mechanism 
xxhich dissipates the heat and prex'ents its locahzation in the lung xxas found to 
depend upon the pvllmonai^’ circulation rather than upon mgress and egress of air 
through the trachdd and bronchi 

In this studx an experimental pneumoma was produced in dogs bx the in- 
sufilalion of pneumococa and of B Friedlacnderi The temperature of the 
consolidated And nohnal lobes was measured bx thermocouples xxhile high fre- 
qucncx currents xv^rd passed through the dogs’ thoraces It was found that the 
pneumonic IbbeAVas heated shghtlx» (1° to 2°C ) abox'e the svstemic temperature 
and the temjxerattlre of the normal lobes jTbe change xxas of the same order of 
magnitude as seen in lungs wuth obstructed pUlmonarx artenes 

The experimental data were correlated with the gross and histologic appearance 
of the lungs, which furnished an explanation fot the heat retention on the basis of 
an impaired circulation This appeared to 'be due to the pressure of the intra- 
alx-colar exudate w hidi resulted m an ischeriiiC state m w hich the alx eolar capil- 
lancs were emptx of blood The impairment of the circulation xxas further sub- 
stantiated bx post-mortem barium-gelatm mjection preparations, xxhich showed 
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M ith the exception of three patients, the xeloatj' of the pulmonaix and of the 
nous blood flow after strophanthin or digitalis i\as either unchanged or in- 
lased in all the patients vnth cardiovascular disease Although the average 
rdiac rate showed a reduction (10 per cent) the average veloatv of pulmonarv' 
X)d flow increased 35 per cent and that of the peripheral v enous blood flow b> 
per cent In all the patients in whom digitalis caused a definite improvement 
the clinical behavior, the veloaty of blood flow was definitely increased The 
her three patients showed a slownng (20 per cent) of the pulmonary flow, with 
change m the veloatv' of the venous blood flow Proportionate to the slowing 
the pulmonary blood flow there was a reduction m the pulse rate 
The observations by others that digitabs decreases the mmute volume output, 
d the finding that it has no effect or that it increases the veloatv of blood flow 
n be reconaled only if digitahs deaeases the aoss sectional area of the vascular 
d, under which condition unchanged velocity would inevitablj yield a deaeased 
nute v'olume Blood volume studies in addition to the measurements of the 
locity of blood flow were performed on sev'eral patients in order to clarify this 
oblem 

tc Initial Effect of Moderate Undcrnulniton upon the Weight Curve in the Obese 
Bv Mark Fatxion-Lesses, (by invitation) and L H NEumuRGH, Ann Arbor, 
hlich 

The initial effect, upon the weight curve m the obese, of the shift from a main- 
aance diet to one of moderate undemutntion is the production of a tn-phasic 
rve The three phases occur as follows (1) The first phase is one of excessive 
light loss lasting from two to seven daj’s (2) The second phase is one of weight 
iintenance and failure to lose weight, despite the sub mamtenance calones — 
iting five to fifteen davs (3) The third phase is one of excessive weight loss 
sting two or three dav's This tn-phasic curve does not occur if the calonc 
Jue of the diet is exccssiv'elv sub-maintenance but it has been produced m 
erv obese person so far studied 

The first phase seems mtimately connected with the katabolism of glj cogen, 
ice It occurred when the subjects were m mtrogen balance and the weight losses 
;re much too great to be accoimted for by the katabolism of fat 
The second phase is one of hvdration due to the retenbon of water as showm 
water-balance studies 

The third phase is one of dehjdration, apparently due to the loss of the excess 
Iter stored up dunng the w eight-holdmg period At the end of the third phase, 
e weight IS exacUj where it should be as calculated from the theoretical weight 

ss 

he Rh^c of Carboh\dralc in Obesity IT ilh Special Reference to the Treatment of 
0^esil\ Com p' rated h\ IlypcTtension and Cardiac Disorders B> BfRGESS 
Gordon, and (bv invatation) C \V Xissler, Philadelphia, Pa 
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Experimental Leukocytosis and Leukopenia B} Paul Reznkoff, New York 
Cit} , N Y 

Recent m\ estigations of IMinot, Jilurph} and Cohn indicate that erj throcj tic 
stimulation bj chemical means is possible Doan and his couorkers have pre- 
sented emdence that m^elocJ’tlC stimulation may also be induced b\ nucleo- 
protems and nucleotides They obtamed a prehnunar} leukopenia wath 
nudcoprotein n hich the} asenbed to theactinty of the spleen but with nucleotides 
an immediate leukoc} tosis occurred 

In the experiments reported here, nucleoprotem from hver and th>Tnus (Dr 
John A Mandel), nucleic acid from least and th}Tnus (Dr Man' 1 Buell, Dr 
P A Levene), and ademne sulphate and guamne hydrochlonde (hir Kenneth 
Blanchard, Dr Henr}' Jackson, Jr) were in}ected mtravenousl} into rabbits 
When solutions of these substances m phosphate buffers were introduced, a 
leukopenia occurred, at first of the myeloc} tic forms and then, of the hmphoci tes 
The mxclocx tic leukopema was of short duration and was succeeded by a marked 
and sustained pol}Tiucleosis Increases m total cell count from 20,000 to 79,000 
have been obtained inth no apparent ill effects Solutions of phosphates caused 
a marked hmphocitic leukopema This did not occur with NaCl or aqueous 
solutions contaming no inorganic phosphate Dunng the state of pohmucleosis 
a marked shift to the left took place, indicaUng increased }Oung cell formation 
or marked chemotams 

The Development of the Etlnl Iodide Method for Determining the Cardiac Output of 
Man, a Test of the Method b\ Estimations of Floui through Dogs’ Lungs Perfused 
at a Knoxm Rate Bv Isaac Starr, Jr , and (b} invitation) Clarence James 
G/\mble Philadelphia, Pa 

In anesthetized dogs, the cth\ 1 iodide content in mixed venous blood does not 
change matcnalh dunng rebrcathing The cth}l iodide content estimated from 
rebreathed air and the coeffiaent of distnbution agrees with that found b\ anal} sis 
of mixed \enous blood taken before rebreathing started The content in artenal 
blood agrees with the xoluc calculated from aheolar air This permitted the 
measurement of flow bi ethil iodide while perfusmg dogs’ lungs at a known rate, 
sitisfictor} agreement resultmg m fix e of six experiments 

In normal persons breathing eth}l iodide the artenal content (b} anal} sis) 

IS correctlx estimated from alxeolar air collected automatical!} The ethxl 
iodide content in rebreathed air remams constant or falls xerv slowl} dunng re- 
breathing for li minutes, therefore we believe the content in mixed xenous blood 
can be estimated as in dogs 

The technique for the determination of blood flow in man is that of Henderson 
and Haggard, followed bx rebreathing for thirtx seconds, and determining the 
subjects distribution coeffiaent, (axerage normal blood =6 1) Consecutix’c 
estimations on subject G reclmmg on three daxs = 3 9, 41, 4 0, 41,4 0, 3 9, 39 
On S (on three daxs) 5 3, 4 9, 4 1, 3 4, 4 6, 3A,3 0, 2 9, 3 5 liters per minute 
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of fluids, accurate measurements of the \essels b\ micrometrs- and photograph\ 
ha\e been made It has been determined that the cerebral \essels ma\ sho\\ 
changes in diameter consistent wath mere passu e expansion or collapse, following 
abrupt rise or fall in artenal pressure In addition, the arteries show changes 
exacth opposite m direction to these passive changes These can be brought 
about b% stimulation of constnctor or dilator nerves, and b\ alteration of the 
chemical and phasical (osmotic tension) constitution of the blood 

It was concluded that the cerebral circulation is not altogether passively regu- 
lated, 1 e , from a distance b\ splanchmc or general systemic vasoconstnction 
and dilatation It is also dependent upon an active vasomotor mechanism for 
cerebral vessels, and by changes in the phj sical and chemical charactenstics of the 
blood 

In addition to vasomotor, osmotic tension and drug actions, other dilator mech- 
anisms ha\e been studied It has been determmed that cerebral arterj vaso- 
dilatation follows (1) reduction m the quantity of artenal blood circulating 
through the brain (severe hemorrhage, clamping the carotid artenes, circulatorj 
failure and increased intracranial pressure), (2) reduction in the oxj'gen content 
of the artenal blood arculatmg through the bram (carbon monoxide) , (3) increase 
in carbon dioxide content of the artenal blood arculatmg through the bram, 
(4) intra\ cnous injection of acid or acid producing substances (lactic acid, acetone) 

H^pothetlcall\ , these e-xpenmental changes in the quantitx and qualitv of 
the blood create a ph\ siological emergency They were alwa\s assoaated 
wnth cerebral ^ asodilatation 

T/:c Idaptatioii of the Ctrculation io Hyperthyroidism and to By polhyroidism Bv 

Herman'N L BLUiiGART and (b} invitation) Sahtol L Gargle, Boston, 

^lass 

The purpose of the mvestigation was to learn m what manner and to what 
degree the circulation of blood is accelerated to enable the transport of larger 
quantities of oxAgen to the over-active tissues of thjTotoxic patients Ten 
th\Totoxic patients of different tjpes have been studied The basal metabolic 
rates range from plus 1 1 to plus 50 per cent The speed of blood flow through 
the lungs was considerabK faster than the average normal (10 8 seconds) in e\er} 
patient studied In some patients the veloat\ of blood flow was more than 
twice the normal The \clocit} of \enous blood flow from the arm to the heart 
ivas likewise greath increased The extent of increase of the velociU of blood 
flow and of the basal metabolic rate were m general, proportional The Mtal 
capacit\ was reduced in -all subjects e\en m the absence of anj signs of congestue 
failure an observation in accord with other studies The conspicuous stram 
under which the heart labors e\cn under basal conditions in mamtaining such an 
increased \clocit% of blood flow is imdoubtedlv an important factor in causing 
frequent occurrence of heart failure in thvTotoxic states 
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(4) lntra^ enous injection of acid or acid producing substances (lactic acid, acetone) 

H^pothetlcall\ , these e-xpenmental changes in the quantitx and qualitv of 
the blood create a ph\ siological emergency They were alwa\s assoaated 
with cerebral ^ asodilatation 

T/ic Idaptalioii of the Circulation to Hyperthyroidism and to Hypothyroidism Bv 

Herxiann L Bluiigart and (bj invitation) Sahtol L Gargle, Boston, 

Mass 

The purpiose of the mvestigation was to leam m what manner and to what 
degree the circulation of blood is accelerated to enable the transport of larger 
quantities of oxAgen to the over-active tissues of thjTotoxic patients Ten 
th\Totoxic patients of different tj’pcs have been studied The basal metabolic 
rates range from plus 1 1 to plus 50 per cent The spiced of blood flow through 
the lungs was considerabK faster than the average normal (10 8 seconds) in c\ery 
patient studied In some patients the vcloatv of blood flow was more than 
twice the normal The \clocit} of venous blood flow from the arm to the heart 
ivas likewise greath increased The extent of increase of the velocitv of blood 
flow and of the basal metabolic rate were m general, propwrtional The vital 
capacitv was reduced in -all subjects even m the absence of anj signs of congestive 
failure an observation in accord with other studies The conspicuous stram 
under which the heart labors even under basal conditions in mamtaining such an 
increased velocitv of blood flow is imdoubtedlv an important factor in causing 
frequent occurrence of heart failure in thvrotoxic states 
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EJJcct oj Some of the Purin-hasc Diuretics upon the Ccroiiar} Floi N C 

Gilbert md (b\ inntation) G K Fevn, Chicago, 111 

Pre\nous expenmental work has shown the punn-basc diuretics to ha\c a ^ aso- 
dilator effect upon the coronan artenes, and to increase the coronarj flow This 
has not been completeh confirmed b\ all in\ estigators, and the objection has 
been made that the doses used were larger than the human therapeutic doses 

Because of the benefiaal therapeutic results, further expenmental work was 
done upon the intact ammal Under different methods of anesthesia a modified 
AIoroMtz cannula w as mserted into the coronarj sinus and the i olume flow meas- 
ured b\ means of a piston recorder tracmg on a revohnng drum The doses used 
were low average human equivalents, and fractions of these Theobromine 
sodium salicxlate and acetate 0 01 gm per kilogram, theocine sodium acetate 
0 0032 gm per kilogram, caffeme sodium benzoate 0 0066 gm per kilogram and 
euphjlhn 0 0014 gm per kilogram A definitelj increased coronarj^ flow was 
obtamed wath each of these, m the presence of a decreased s\ stohe and diastolic 
pressure Except when an extreme vasodilatation was alread\ present, the 
increased coronan flow was apparentl} constant, with these drugs In the 
case of the theobromine salts, the increased flow resulted in some cases w ith one- 
eighth of the abo\ e doses In the case of euph\ Uin, theocine, and caffeine, results 
with less than one-half of the abo\e doses were uncertain The effect of anesthet- 
ics used on coronarj' flow was considered Chloretone was shown to have an 
extreme x asodilator action 

Studies on Experimental Utricular Fibrillation Produced tv Multiple Stimuli 

B\ Artiil-r D HiRscaiFELDER IMinneapohs, Mmn 

Auncular fibrillation can be produced in the exposed heart of the dog b) stim- 
ulating either aunde with a smgle make and break shock thrown in rapid succession 
into three neighbormg parts of the auncular w all This is accomplished bj means 
of three separate currents sent m rapid succession through four electrodes com- 
posed of blunt pomted copper wires about three millimeters apart, applied to the 
wall of the aunde 

The pnmarj circuits to the three induction coils are made and broken by passing 
the current through a rapidlx rexohing drum covered with a perforated paper 
■\s each perforation passes a spnng wire which completes the circuit, the current 
is made and broken Three perforations arc located m an obhque row to insure 
sequence \ single cx de of three separate stimulations sets up arcus movements 
which inxanablx produce auncular fibnllation Fibnllation produced m this 
wax often lasts much longer than that produced bj ordinarx faradization and 
frequentlx lasts from ten nunutes to more than half an hour Duration seems 
independent of cardiac weakness Lastmg fibrillation seemed to occur most 
commonlx in sloxx hearts and in pilocarpmized animals StimuU to the aunde 
applied dunng sx-mpathetic stimulation or after adrenahn following atropin, 
gaxe nse to fibrillation lasting onlx a few seconds Further espenments are in 
pnigress 
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Gilbert md (b\ inntation) G K Fexn, Chicago, 111 

Pre\nous expenmental work has shown the punn-basc diuretics to ha\c a ^ aso- 
dilator effect upon the coronar\ arteries, and to increase the coronarj flow This 
has not been completeh confirmed b^ all in\ estigators, and the objection has 
been made that the doses used were larger than the human therapeutic doses 

Because of the benefiaal therapeutic results, further expenmental work was 
done upon the intact ammal Under different methods of anesthesia a modified 
AIoroMtz cannula w as mserted into the coronarj sinus and the i olume flow meas- 
ured b\ means of a piston recorder tracmg on a revohnng drum The doses used 
were low average human equivalents, and fractions of these Theobromine 
sodium salimlate and acetate 0 01 gm per kilogram, theocine sodium acetate 
0 0032 gm per kilogram, caffeme sodium benzoate 0 0066 gm per kilogram and 
euphjlhn 0 0014 gm per kilogram A definitel} increased coronarj' flow was 
obtamed wath each of these, m the presence of a decreased s\ stohe and diastolic 
pressure Except when an extreme vasodilatation was alread\ present, the 
increased coronan flow was apparently constant, with these drugs In the 
case of the theobromine salts, the increased flow resulted in some cases w ith one- 
eighth of the abo\ e doses In the case of euph\ Uin, theocine, and caffeine, results 
with less than one-half of the abote doses were uncertain The effect of anesthet- 
ics used on coronary' flow was considered Chloretone was shown to have an 
extreme x asodilator action 

Studies on Experimental Utricular Fibrillation Produced tv Multiple Stimidi 

By ARTHcrR D Herscheelder IMinneapohs, IMmn 

Auricular fibnllation can be produced in the exposed heart of the dog by stim- 
ulating either aunde with a smgle make and break shock thrown in rapid succession 
into three neighbormg parts of the auricular w all This is accomplished by means 
of three separate currents sent m rapid succession through four electrodes com- 
posed of blunt pomted copper wires about three millimeters apart, applied to the 
wall of the aunde 

The pnmary circuits to the three induction coils are made and broken by' passing 
the current through a rapidlx rexohing drum covered with a perforated paper 
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of m\^cdema showed no impro\cment with the Iner treatment, studies of the 
blood were made following the use of dned th%Toid gland, and the red blood 
count observed to return gradually to normal limits One patient with cancer 
of the prostate gland showed a stnking mcrease in the reticulocj tes and a rise in 
the eiw throa te count. It is entireh possible that this patient had cancer of the 
prostate gland and pemiaous anemia In a second patient with cancer of the 
prostate gland there w as no respone to liver therapj Tw o patients with leukemia 
showed no improvement Liver was of no beneSt m preventing the development 
of the anemia followang the inoculation of patients wath the malaria plasmodium 
for the treatment of general paresis 

n hole Blood Ivmumty in Lobar Pneumonia By R L Cecil, and (by invitation) 

D R Rhoades, and W D Sutleff, Washington, D C 

The pneumococadal power of whole, uncoagulated blood has been measured 
The method in bnef consists in determming the number of pneumococci which 
0 5 cc of human blood will kill in 24 hours Hepann is the anticoagulant used 

The number of pneumococa killed vaned as follows 

(a) In ward patients with minor complaints and without a history of lobar 
pneumonia from none to 10,000 

(b) In patients convalescmg from lobar pneumonia from 100,000 to 10,000,000 

The following changes were obsen'ed in lobar pneumonia 

1 In the acute stage pneumococadal power is normal or less than normal 

2 When bactenemia is present before the cnsis, no pneumococadal power is 
present 

3 Shortlv before or at the time of crisis the pneumococadal power of the whole 
blood becomes greater than normal 

4 The pneumococadal piower of the whole blood reaches its highest point after 
the cnsis 

5 The simultaneous occurrence of bactenemia (250 colonies of pneumococcus 
Tvpe I per cubic centimeter of blood) and pneumococadal power of high degree 
was encountered m a patient who developed acute pneumococcal endocarditis 
following Tj-pe I lobar pneumonia 

6 Felton’s antipneumococcus serum was admmistered to pneumonia patients 
with normal or subnormal pneumococadal power Tests of these patient’s blood 
made 24 hours after the injection of serum usually showed whole blood immunitv 
fuUv as great as that found after spontaneous recover}’ from the disease 

Tl eShin Tar perature in Diabetes B} Howard F Root, Boston, Mass 

The temperature of the skm of 19 diabetics was determmed b} a method 
consisting of two copj>cr constantan junctions, one located m a constant tempera- 
ture bath — a Devar flask — and the other apphed to the skm The resulting 
current, which is measured on a galvanometer, is proportional to the difference in 
temperature between the two junctions 
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for the treatment of general paresis 
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D R Rhoades, and W D Sutuff, Washington, D C 

The pneumococadal power of whole, uncoagulated blood has been measured 
The method in bnef consists in detenmning the number of pneumococci which 
0 5 cc of human blood will kill in 24 hours Hepann is the anticoagulant used 

The number of pneumococa killed vaned as follows 

(a) In ward patients with nunor complaints and without a history of lobar 
pneumonia from none to 10,000 

(b) In patients convalescing from lobar pneumonia from 100,000 to 10,000,000 

The following changes were obsen'ed in lobar pneumonia 

1 In the acute stage pneumococadal power is normal or less than normal 

2 When bactenemia is present before the cnsis, no pneumococadal power is 
present 

3 Shordv before or at the time of crisis the pneumococadal power of the whole 
blood becomes greater than normal 

4 The pneumococadal power of the whole blood reaches its highest point after 
the cnsis 

5 The simultaneous occurrence of bactenemia (250 colonies of pneumococcus 
Tvpe I per cubic centimeter of blood) and pneumococadal power of high degree 
was encountered m a patient who developed acute pneumococcal endocarditis 
following Tj-pe I lobar pneumonia 

6 Felton’s antipneumococcus serum was admmistered to pneumonia pabents 
with normal or subnormal pneumococadal jiower Tests of these patient’s blood 
made 24 hours after the injection of serum usually showed whole blood immunitv 
fuUv as great as that found after spiontaneous recover}’ from the disease 

Tl eSkin Teirpcralurc ill Diabetes B} Howard F Root, Boston, Mass 

The temperature of the skm of 19 diabetics was determmed b} a method 
consisting of two copj>cr constantan junctions, one located m a constant tempera- 
ture bath — a Dewar flask — and the other apphed to the skm The resulting 
current, which is measured on a galvanometer, is proportional to the difference in 
temperature between the two junctions 
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pre\nouslv reported studies of the effect of changes in aad-base relationships on 
epilepDc seizures, permit a clearer analysis than has jet been possible of the 
phj-siological processes m the bram uhich contnbute to seizures 

Toxemia of lulcsluial OhsirucUon, and Ileus Chiiieal Deductions Regarding its 

Nature and Treatment By Charles S ilc\ icar and (b\ mvitation) J^vmes 

r Weir, Rochester, !Minn 

Inhibition of gastro-intestmal motihtj', ■whether due to organic or functional 
causes, is attended with grave consequences Death ensues if an organic obstruc- 
tion persists and is equallj a danger if functional inhibition is not reheved Animal 
e\penmentation has advanced knowledge with regard to this, and is directl\ 
responsible for the discoverj' that the tone condition precedmg death is assoaated 
with charactenstic disturbances m the chemistrj^ of the blood, namelj mtrogen 
retention, alkalosis and hjqiochloremia Estimations of the chemical changes 
m the blood enable one to measure the seventj' of the to'^emia and to estimate 
progress in treatment Animal experiments have as a rule been directed to the 
determmation of the cause of death and while this is emmently desirable it is 
equall\ important that studies be made of earher clinical mamfestations and 
morbidity 

It was obserx'ed that the tone manifestations of motor inhibition were assoa- 
ated with dimimshed unnarj output, and routine treatment now consists in 
maintaining adequate fluid intake to compensate for the loss of fluids by vomiting 
or b\ lavage of gastric contents It has been found that the mtravenous route 
of administration is most satisfactorj^, since the oral route is precluded bj' vomit- 
ing, dj smata are soon rejected or lost because of mcontmence, and subcutaneous 
admimstration is exceedingh imcomfortable if sufiiaent amounts are given 
For lntra^ enous mjection a solution is used contaimng 10 grams of sodium chlonde 
and 100 grams of glucose to a bter of freshly distilled sterile water It was found 
that the lntra^ enous adnunistration of sodium chlonde solution was not invanably 
followed bj diuresis, and the glucose was added to msure unnarv excretion 

As chnical expenence enlarged it became evident that cases could be grouped 
arbitranlx into (1) fatal cases with marked disturbances in the chemistrj of 
the blood and anuna, at necropsx renal mjun maj be demonstrated, (2) severe 
toxemia also assoaated with marked changes m the chemistrj' of the blood and 
ohguna which, howexer, respiond to intensive treatment and the patients recover 
without anv discov erable evidence of renal injurj , (3) rmld toxemia with dimin- 
ished unnarj output and charactenstic but moderate changes in the chenustry 
of the blood, the patients respiond quicklv to treatment, (4) clmical mamfestations 
of motor inhibition, namelj, vomitmg and gastnc retention with a lov output 
01 unne but without disturbance in the chemistrj of the blood The last group 
IS of spieaal interest because if the earliest climcal manifestations of ileus maj be 
recognized before changes occur it follows that the toxic svmdromc is not due to a 
disturbance m the chemistrj of the blood It was foimd, moreover, that in the 
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pre\nouslv reported studies of the effect of changes in aad-base relationships on 
epileptic seizures, permit a clearer analysis than has jet been possible of the 
phj-siological processes m the bram uhich contnbute to seizures 

Toxemia of Intestinal Obstruction, and Ileus Cluneal Deductions Regarding its 

Nature and Treatment By Charles S :Mc\ icar and (b\ mvitation) J^vmes 

r Weir, Rochester, !Minn 

Inhibition of gastro-intestmal motihtj', ■whether due to organic or functional 
causes, is attended with grave consequences Death ensues if an organic obstruc- 
tion persists and is equallj a danger if functional inhibition is not reheved Animal 
evpenmentation has advanced knowledge with regard to this, and is directl\ 
responsible for the discoverj' that the toxic condition precedmg death is assoaated 
with charactenstic disturbances in the chemistrj^ of the blood, namelj mtrogen 
retention, alkalosis and hjqiochloremia Estimations of the chemical changes 
m the blood enable one to measure the seventj' of the to'^emia and to estimate 
progress in treatment Animal experiments have as a rule been directed to the 
determmation of the cause of death and while this is emmently desirable it is 
equall\ important that studies be made of earher clinical mamfestations and 
morbidity 

It was obsen^ed that the to'ac manifestations of motor inhibition were assoa- 
ated with dimimshed unnarj output, and routine treatment now consists in 
maintaining adequate fimd intake to compensate for the loss of fluids by vomiting 
or b\ lavage of gastne contents It has been found that the mtravenous route 
of administration is most satisfactorj', since the oral route is precluded bj' vomit- 
ing, dj smata are soon rejected or lost because of mcontmence, and subcutaneous 
admimstration is cxceedingh imcomfortable if sufiiaent amounts are given 
For intrai enous mjection a solution is used contammg 10 grams of sodium chlonde 
and 100 grams of glucose to a bter of freshly distilled sterile water It was found 
that the lntra^ enous admmistration of sodium chlonde solution was not invanably 
followed bj diuresis, and the glucose was added to msure urmarv excretion 

As clmical expenence enlarged it became evident that cases could be grouped 
arbitranlx into (1) fatal cases with marked disturbances m the chemistrj of 
the blood and anuna, at necropsx renal mjurx maj be demonstrated, (2) severe 
toxemia also assoaated with marked changes m the chemistrj' of the blood and 
ohguna which, howexer, respond to intensive treatment and the patients recover 
wathout anv discov erable evadence of renal injury , (3) mild toxerma wath dimin- 
ished unnarj output and charactenstic but moderate changes in the chenustry 
of the blood, the patients respond quicklv to treatment, (4) clmical mamfestations 
of motor inhibition, namelj, vomitmg and gastne retention wath a lov output 
01 unne but wathout disturbance in the chenustry of the blood The last group 
IS of speaal interest because if the earliest climcal manifestations of ileus maj be 
recognized before changes occur it follows that the toxic svaidrome is not due to a 
disturbance m the chemistry of the blood It was foimd, moreover, that in the 
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This degree of new glucose formation has been observ'ed in two patients The 
diet in each case w as high in fat and low in protein and carbohj drate In one case, 
a diabetic of moderate sevenU, the process was stimulated bv thjTOid extract, 
and o\er a penod of ten daja the glucose excreted m the unne exceeded G by 128 
grams In the other case, one of diabetes of ususual seventy, insulin could be 
discontinued for only twentj-four hours while the patient was receiving such a 
diet Dunng this penod of twentv-four hours the glucose excretion exceeded G 
b\ amounts as great as 100 grams on two occasions Respirator}’ quotients were 
obserx ed as low as 0 67 

In both patients the observations were terminated by the development of 
extreme ketosis and aadosis, the carbon dioxide combining power falling to 19 or 
20 \ olumes per cent The development of severe ketosis under these conditions 
suggests that these figures represent the maximum pow er of new glucose formation 
in diabetes melhtus 

Hypoglycemic Reactions in a Diabetic without Insulin By Howard F West 

and Bertnard Smith, Los Angeles, Cahf 

This report concerns obserx’ations on the case of a boy who developed diabetes 
at the age of fourteen with coma He was seen first by the authors when m deep 
coma in April, 1924, one year after onset of diabetes The second penod of coma 
was the result of discontinuing insuhn and routine diet For the subsequent 
two xears he ran a tx’pical diabetic course, requinng from forty to fifty units of 
insuhn per da} while on a diet allowing 90 grams of carbohydrate per day with 
some \ anations in fat from time to time to avoid overweight In October, 1926, 
following acute ketosis (pre-coma) due to irregulanbes in diet and insulin, he 
de\ eloped sensitix encss to insuhn which was discontmued For the following two 
months he was subject to severe and tx'pical hx’poglvcenuc shocks though the 
carbohx drate \alue of his diet was increased to 170 grams per da} with supple- 
mentarv feedings of carbohx drate food at times of severe reactions Dunng this 
penod his blood sugar x aned from 19 mgra per hundred to 668 mgm in an entirely 
erratic and unpredictable manner 

After a penod of about three months he became stabilized and remained in 
good condition on a diet allowing 170 grams of carboh} drate without insuhn In 
Nox ember, 1927, following an acute respirator} mfection he again dex eloped acute 
ketosis and glxcosuna Insulin xvas again required for control After three 
weeks of treatment he agam dcxe’oped sensitix’eness to insulin and for several 
xxecks after insuhn was discontinued he xxas subject to frequent h}'poglycemic 
reactions xxith occasional penods of unconsaousness and convulsions in spite of 
high carbohx drate mtake xxith frequent feedings He again became stabilized 
and IS nov m apparent good health and free from gl}cosuna on a diet alloxxing 
ISO grams of carbohx drate pier dax xxithout insulin 

The onlx significant ph}'sical findings dunng the h}'poglx cemic penods were 
an enlarged and tender lixer, moderate edema and, on occasion, traces of bile m 
theun-c 
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and calones-per-hour as compared to the probable values for persons of corre- 
spondmg ages and heights, but of ideal weights This method of expression, we 
beheve, depicts more accurately the pathological physiology of the obese 
The imtial data show an average weight of 222 poimds, 72 per cent above 
normal, and average surface 2 0 square meters, 26 per cent above normal The 
calones-per-hour average 71, givmg an average basal metabobc rate of —2 0 
per cent as usually calculated, but actually 23 per cent above the calones produced 
at normal weight Conversely, it may be stated that the mcrease m basal calones 
corresponds to the mcrease m surface (26 per cent) but not to that of weight 
(72 per cent) There is no evidence of a metabobc economy m obesity but rather 
an excessive energy exchange 

After reduction, the average losses were 41 pounds and 0 17 square meters 
correspondmg to a diminution of 47 per cent of the excess weight and 45 per cent 
of the excess surface The calones-per-hoiu average 61, a drop of 10 calones or 
77 per cent of the excess energy Hence there is a defimte decrease m energy ex- 
change comadent with weight reduction The rate of change of calones is, 
however, over 1^ times as great as the rates of change of either weight or surface 
This evidence indicates agam that body surface is not the sole regulator of 
metabolism 

Ohservattons oil the Circulation of Guinea Pigs during Bronchospasm By F M 
Smith and J S Harter (by mvitation) and H L Alexander, St Louis, Mo 
In order to deterrmne the extent of filling of the heart durmg bronchospasm, 
the effective nght auncular pressure was calculated 

Method Large gumea pigs (650 to 1000 grams) were sensitized by mtrapen- 
toneal mjections of egg white Under amytal anesthesia, cannulae were placed 
m the left carotid artery, m the nght auncle (through the external jugular vem) 
and m the nght pleural cavity Simultaneous pressures were recorded by tracmgs 
as were respuatory volumes Bronchospasm was then mduced by mtravenous 
mjection of egg white and the arculatory response m relation to mtrapleural 
pressure and depth of respiration noted 

Results Unless bronchospasm comes on very suddenly there is a decreased 
filling of the nght heart until asphyxia supervenes This is determmed by 
plottmg the algebraic difference between the mean nght auncular pressure and 
the mean mtrapleural pressure This gives the effective nght auncular pressure 
which indicates degree of filhng Sudden bronchospasm mduces normal or 
mcreased filhng 

Serum Electrolytes in Infections and Nephritis By J H Austin, and (by mvita- 
tion) F William Sunderman and J G Camack 

The serum electrolytes m infections and nephntis were studied m the same 
manner as previously reported m lobar pneumonia In lobar pneumoma, tuber- 
culosis, chrome glomerular nephntis, and mercunal poisomng there was found a 
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and calones-per-hour as compared to the probable values for persons of corre- 
sponding ages and heights, but of ideal weights This method of expression, we 
beheve, depicts more accurately the pathological physiology of the obese 
The mitial data show an average weight of 222 pounds, 72 per cent above 
normal, and average surface 2 0 square meters, 26 per cent above normal The 
calones-per-hour average 71, givmg an average basal metabobc rate of —2 0 
per cent as usually calculated, but actually 23 per cent above the calones produced 
at normal weight Conversely, it may be stated that the mcrease m basal calones 
corresponds to the mcrease m surface (26 per cent) but not to that of weight 
(72 per cent) There is no evidence of a metabobc economy m obesity but rather 
an excessive energy exchange 

After reduction, the average losses were 41 pounds and 0 17 square meters 
correspondmg to a diminution of 47 per cent of the excess weight and 45 per cent 
of the excess surface The calones-per-hoiu average 61, a drop of 10 calones or 
77 per cent of the excess energy Hence there is a defimte decrease m energy ex- 
change comadent with weight reduction The rate of change of calones is, 
however, over 1^ tunes as great as the rates of change of either weight or surface 
This evidence indicates agam that body surface is not the sole regulator of 
metabohsm 

Observattom oil the Circulation of Guinea Pigs during Bronchospasm By F M 
Smith and J S Harter (by mvitation) and H L Alexander, St Louis, Mo 
In order to determme the extent of fillmg of the heart durmg bronchospasm, 
the effective nght auncular pressure was calculated 

Method Large gumea pigs {650 to 1000 grams) were sensitized by mtrapen- 
toneal mjections of egg white Under amytal anesthesia, cannulae were placed 
m the left carotid artery, m the nght auncle (through the external jugular vem) 
and m the nght pleural cavity Simultaneous pressures were recorded by tracmgs 
as were respuatory volumes Bronchospasm was then mduced by mtravenous 
mjection of egg white and the arculatory response m relation to mtrapleural 
pressure and depth of respiration noted 

Results Unless bronchospasm comes on very suddenly there is a decreased 
filling of the nght heart until asphyxia supervenes This is determmed by 
plottmg the algebraic difference between the mean nght auncular pressure and 
the mean mtrapleural pressure This gives the effective nght auncular pressure 
which indicates degree of fillmg Sudden bronchospasm mduces normal or 
mcreased filhng 

Serum Electrolytes in Infections and Nephritis By J H Austin, and (by mvita- 
tion) F William Sunderman and J G Camack 

The serum electrolytes m infections and nephntis were studied m the same 
manner as previously reported m lobar pneumonia In lobar pneumoma, tuber- 
culosis, chrome glomerular nephntis, and mercunal poisomng there was found a 
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shown that the administration of sahcylates is followed by an mcreased mtrogen 
excretion in the urme, but that this mcrease m mtrogen excretion is of a different 
type of nitrogen than that followmg iodides It was, therefore, deaded to attempt 
a study of the reaction of patients suffenng from vanous diseases to these drugs 
The patients were aU on a constant protem diet with a constant water mtake, 
takmg due account of the water m the food In later experiments, the sulphur 
and phosphorus mtake were also kept constant 

In one case of "complete” myxedema there was no reaction after the mgeshon ' 
of lodme This was to be expected from the previous experiments on dogs, m 
which a removal of the thyroid caused a disappearance of the unnary reaction to 
iodides There was a similar lack of response m a case of Addison's disease, but 
the results m this case are more doubtful, as the patient died a short tune after 
the experiment 

Of course, the chief mterest m this connecbon is the study of nephritis So 
far, we have been able to study only two types, one, the hemorrhagic subacute 
type, m which there was a prolonged delay m the excretion of mtrogen after 
iodides, but m which the mcreased excretion of mtrogen after sahcylates occurred 
promptlv On the contrary, m a case which partakes somewhat of the character 
of nephrosis, there is a tendency to a reversal of this mechanism 

The significance of these observations is not clear at present, but the indication 
seems to be that there is some fundamental disturbance m the mtrogen metabolism, 
not dependent upon the msuffiaency of the kidney as a filter 

Blood Volume Preceding and Followmg Splenectomy By H Z GrFFiN, George 
E Brown, with teclmical assistance of Grace hi Roth 

This study was undertaken because of the fact that no data have been pubhshed' 
on the spleen and splenectomy with relation to blood volume m man Observa- 
tions were made on six cases of pninary splenomegaly without anerma, eleven 
cases of hemolytic icterus, and eighteen cases of splemc anemia The Congo-red 
method was used to determme the blood and plasma volume 

In fifty normal mdividuals. Brown, Rowntree and Roth, the mean values were 
as follows total blood volume 89 cc per kilogram, plasma volume 50 cc per 
kilogram, cell volume 39 cc per kilogram, and orculatmg hemoglobm 15 grams 
per kilogram 

Pnmarj' splenomegaly without anemia showed a mean blood volume of 102 cc 
per kilogram, plasma volume 60 cc per kilogram, and a cell volume of 42 cc per 
kilogram, — a sunply hypervolemia, suggestmg the possibdity that m primary 
splenomegaly without anemia the enlarged arculatory bed due to the spleno- 
megalj and enlarged blood vessels necessitates a larger blood volume for arculatory 
needs 

Hemolytic icterus before splenectomy showed a blood volume of 93 cc per 
kilogram, plasma volume of 74 cc per kilogram, and a cell volume of 19 cc per 
kilogram, — an ohgocvthemic normovolemia After splenectomy m hemolytic 
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It IS generally recognized that a porDon of the calaum in the serum is combmed 
with protem Correspondingly the calaum concentration m the in mvo dialysate 
IS from 60 to 70 per cent of that m the serum The spmal flmd and ultrafiltrate 
contam shghtly less calaum than the ttt vtw dialysate The chlonde concentra- 
tion m the dialysate is higher than that m the serum but less than m the spmal 
flmd These reulsts mdicate the need for a careful consideration of the state of 
the electrol}d;es m the serum, with particular reference to the protem volume and 
the Donnan equihbnum, as a basis for the study of the equihbnum between the 
serum and edema flmd 

The Importance oj Hematological Evidence tn thq Diagnosis of Pernicious Anemia 
By C P Howard, and (by mvitation) E S Muxs, Montreal, Canada 
The authors have studied a senes of 28 cases diagnosed as permaous anerma 
at the Montreal General Hospital Only cases which were thoroughly mvestigated 
and subsequently followed, were accepted The object of the study was to test 
the rehabihty of hematological evidence 

Twenty-three cases had a blood picture charactenstic of the disease, while the 
remaimng five were atypical m this respect, though classical m other ways When 
the latter group was subsequently followed the diagnosis m each mstance was 
called mto quesbon Not one of these responded to hver treatment 

A high color mdex, a large type of red cell, and a leucopenia with relative 
lymphocytosis, are constantly present m permaous anerma In our expenence 
cases which fail to show this blood picture are subsequently shown to be mcorrectly 
diagnosed 

There is a type of anerma occumng m young women which often begms dunng 
pregnane}' and is refractory to ordmary treatment, which chmcally resembles very 
closely true permaous anerma, but has a distmct blood picture 

Blood Groups among Maya Indians of Yucatan By W L Moss and (by invita- 
tion) James A Kennedy, Boston, Mass , and Rochester, New York 
Durmg the last decade considerable mterest has been manifest m determining 
the percentage distribution among the four blood groups of the population in the 
vanous countries of the world 

Geneticists have been active m collectmg this data and have attempted to apply 
It to the mvestigabons of raaal ongms and relabonships 
The bloods herem reported were collected dunng the summer of 1927 by Dr 
G E Wflhams, a member of the Carnegie Expedition to Yucatan 
Blood for serum was collected m Wnght’s tubes and after coagulabon, the 
serum was taken up m capillary tubes, the ends of which were sealed m the flame 
Blood for corpuscles was taken m a preservmg flmd recommended by Rous and 
Turner (J Exper Med , 1916, xxm, 219), consisbng of a mixture of two parts of 
isotomc sodium atrate solubon and five parts isotonic dextrose solubon This 
mixture was put up m U-shaped tubes and after the mtroduebon of one or two 
drops of blood the ends were sealed m the flame 
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STUDIES IN SERUM ELECTROLYTES 


MATERIAL AND METHODS 

Tliirty-tkree specimens of blood serum and two pleural fluids 
from twenty-nme patients on the Medical Services at the Pennsyl- 
vama Hospital and at the Hospital of the Umversity of Pennsylvama 
m Philadelphia were exammed 

The technical methods used were those employed m our previous 
study (1926) Chemical determmations of total base by the method 
of Stadie and Ross have been compared further with conductivity 
determmed with the Christiansen lonometer corrected by the formula 
of Gram and Cullen We And on further study the corrected conduc- 
tivity times 1 17 equals m the average the total base chenucally de- 
termmed and we use this factor at present mstead of 1 13 reported 
m our previous study 

An approximate figure for the base bound by protem [B Pr] has 
been calculated by equation 54 of Hastmgs, Salvesen, Sendroy and 
Van Slyke (1927) 

[B Pr] = 0 97 [Pr] (pH - S 26) 

takmg for pH, 7 35 Hence 

[B Prim Eq IS approximately 2 0 [Prjgms /loo cc 
[HCOjjmEq IS taken as equal to [COdmM — O 
Residual amon = p] — ([Cl~] + [HCOj] + p Pr]) 

Protem was determmed with the Abbe refractometer as m our pre- 
vious study (1926) Specific gravity was determmed at 20°C m a 
2 cc pyknometer In graph 1 we have plotted aU measurements of 
protem agamst specific gravity The correlation is fair 

RESULTS 

Brief descnptions of each case studied are appended at the close 
of the paper The mdividual analyses are tabulated m table 1 
Values outside of the normal range are m bold-faced type Groups of 
cases representmg lobar pneumoma, tuberculosis and rheumatic 
fever are tabulated m table 2 showmg the maximum, m unm u m and 
number of observations outside the normal range for each electrolyte 
m each group 

The results wiU be discussed accordmg to disease groups 
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Renal 

(Table 1, cases A 17 to A 22 ) The electrolyte distribution, in two 
cases of acute nephritis (A 17 and A 21) differed from that m the 
pneumoma group m the fact that the reduction m chlonde was 
compensated by an mcrease of one or more of the residual amons 
without any appreciable change m the total base This is similar to 
Atchley’s observations with hgation of dogs’ ureters On the other 
hand m our case of mercurial poisomng (A 19) with anuna for six 
days, two-thirds of the decrease m chlonde and bicarbonate concen- 


TABLE 3 

Analyses of serum from mercurial poisoning case A IP 



Case A 19 

Average normal 

Difference 


m Eq per liter 

m Eq per liter 

m£q per Uter 

Total base (chemically determmed) 

146 S 

154 

7 

-8 

2 

BCl 

76 2 

104 

0 

-27 

8 

BHCO,* 

22 2 

25 

8 

-3 

6 

[B,HPO< + BHtPOilt 

9 4 

3 

0 

-1-6 

4 

BiSOi 

12 0 

1 

0 

"{-11 

0 

BPrt 

18 0 

16 

0 

+2 

0 

B organic aads§ ■* 

8 4 

4 

9 

+3 

5 

pH 

7 31 





Non-protem mtrogen mgm per 100 cc 

Degrees depression m freezmg pomt 

282 0 

0 63^ 




• [BHCOj] = [CO,] - 1 27 

^ at pH 7 31 = ^ [PO^l = 53 mM/L, [BjHPO, + BHjPO,] = 9 4 m Ea 


t B Pr ■= 0 97 (Pr) (pH — 5 26) (Pr) = grams protem per 100 cc. 

§ Calculated by difierence 

tration m the blood serum was accounted for as is shown m table 3 
by mcrease m serum phosphate, sulphate and orgamc aad and one- 
third by decrease m the total base chemically determmed * There 
occurred m this serum a marked discrepancy between total base 
chermcaUy determmed and the serum conductivity so that it would 
not be permissible to average the value by the two methods The 
cause for the discrepancy is not clear The relative nse m phosphate, 
sulphate and orgamc acid m the serum m this case with displacement 

= This case has been presented from a somewhat different aspect by J M Hayman, 
Jr and J T Priestley, Am J Med Sci , 1928 (m press) The Importance of a Di- 
uresis m the Treatment of Certain Cases of Mercunc Chlonde Poisoning 
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Changes tn COz content 


A recognizable tbougb sbght correlation between the concentration 
of CO 2 in the serum and the patients' temperatures is apparent m 
our cases as shown m graph 2 which mcludes also our cases of pneu- 
monia It was found by Stadie, Austm and Robmson (1925) that, 
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at either constant CO 2 tension or constant pH, an elevation of the 
temperature lowers the carbon dioxide capaaty about 1 mM for 
every 4 6°F If the body temperature at the time when the blood 
was withdrawn m our cases be plotted as ordinate, and the CO 2 con- 
tent be plotted as abscissae, it wiU be seen m graph 2 that the general 
trend of the CO 2 content was toward fall of CO 2 content with nse 
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at either constant CO 2 tension or constant pH, an elevation of the 
temperature lowers the carbon dioxide capaaty about 1 mM for 
every 4 6°F If the body temperature at the time when the blood 
was withdrawn in our cases be plotted as ordinate, and the CO 2 con- 
tent be plotted as abscissae, it wdl be seen m graph 2 that the general 
trend of the CO 2 content was toward fall of CO 2 content with nse 
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STUDIES IN SERUM ELECTROLYTES 


Reduction in bicarbonate occurred m certain individuals but was 
not clearly cbaractenstic of any of these groups 

Reduction m refractive index was observed in the chronic glomerulo- 
nephritics A tendency to abnormal variations, sometimes high, 
sometimes low m refractive index was observed in the other pathologic 
cases 

Elevation of the temperature was generally assoaated with a 
lowered CO3 content This was greater than could be accounted for 
by the change m base bound by protem with change m temperature 
and must be attributed either to acidosis or to hyperpnea 
The senes as a whole and the case of mercunal poisonmg m particu- 
lar suggest the readmess with which chlonde is reduced m the serum 
to make way for other anions 
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Case A 16 {1728) Age 19, white male Admitted March 25, 1927 Lett 
pleural effusion followmg a cold three weeks before admission Flmd aspirated 
four tunes m first week of hospitalization, a total of 2600 cc. A pure culture of 
streptococcus liemolyttcus was obtained from the fliud, no tubercle baedh were 
found Temperature 98 2 to 102 3, leucocyte count 10,000 to 34,000 

Case A 17 {1297) Age 17, white, male Admitted March 2, 1927 Acute 
nephritis followmg a cold one month before admission Temperature 97 to 101 
Leucocytes 12,000 to 24,000 Phthalem excretion, 5 per cent in 40 mmutes, 25 
per cent m 6 hours Blood urea mtrogen, 30 4 rngm per 100 cc f alling to 9 2 
Case A 18 {4951) Age 28, white, female Admitted February 16, 1927 
Eclampsia developmg at term Blood pressure 140 systohe, 100 diastohc Blood 
urea mtrogen 33 mgm per 100 cc Blood taken for analysis followmg the eighth 
convulsion and while in coma 

Case A 19 {S-100) Age 38, white, male Adrmtted to hospital May 22, 
1927, and discharged July 4, 1927 On May 22nd the pabent took five large bi- 
chlonde of mercury tablets Twenty minutes later he was given milk and m 
one hour he had emesis after takmg sue raw eggs On admission to the hospital 
two hours after taking the paiison, he was given gastric lavage At this tune he 
had developed abdominal cramps and diarrhea The pabent was completely 
amine from the tune of admission until May 28th durmg which tune he received 
from 3 to 6 hters of fluid daily From May 28th to Jime 6th the urme output 
vaned from 400 to 750 cc daily and contained a trace of albunun, occasional 
casts, and red blood cells From June 8th until the day he was discharged the 
unne output vaned from 400 to 3750 cc averaging approximately 1200 cc and 
contamed no casts, a trace of albunun and, after June 13th, sugar m traces Phtha- 
lem test on June 30th showed excrebon of 1 per cent m two hours Edema of the 
face w as observed on day of a dmis sion It became more marked and generalized 
on hlay 26th and had disappeared by June 2nd On Mav 24th the pabent had 
convulsions and was irrabonal, beconung rabonal two days later The eye grounds 
showed no hemorrhages, exudates, nor choking of discs Daily blood urea mtro- 
gen detemunabons mcreased steaddy from 43 mgm per 100 cc. on May 23rd to 
247 mgm on June 11th and then decreased gradually to 85 mgm on July 2nd 
Case A 20 {815) Age 39, colored male Admitted February 4, 1927 Died 
February 26, 1927 durmg a convulsion Diagnosis Chrome glomerulo-nephnbs 
wath faihng cuculabon Blood pressure — ^220 systohe, 110 diastohc Fixabon 
of specific gravity Phthalem excrebon 5 per cent m first hour, less than 5 per 
cent m second hour Blood urea mtrogen 120 to 300 mgm per 100 cc Blood 
creatmm 13 to 16 mgm per 100 cc Hemoglobm 55 per cent 

Case A 21 {1912) Age 42, white, male Admitted Apnl 5, 1927 Broncho 
pneumonia with subacute nephntis Pabent was adnutted shghtly delirious, 
complammg chiefly of pam m the left knee The left patella had been fractured 
three davs previously The pabent gave a history of noctuna four or five bmes a 
night dunng the past month His blood pressure was 124/72 Heart was shghtly 
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decompensation The patient was orthopneic There were petechiae over the 
trunk and right arm Blood pressure 96/48 Hemoglobm 65 per cent Leuco- 
cytes 12,000 Had received sodium sahcjdate and sodium bicarbonate for two 
days before blood was taken for analysis 

Case A 26 (1277) Age 14, white, female Admitted March 1, 1927 Patient 
had had rheumatic fever each wmter for the last four years and chorea durmg the 
past two j^ears She had a marked mitral valvular lesion and coarse twitchmgs 
of aU extremiDes At the tune the blood was taken the patient was afebrde 
Case A 27 {1781) Age 14, white, female Admitted March 28, 1927 Died 
April 18, 1927 Recurrent rheumatic fever with cardiac mvolVement for seven 
years Orthopneic, palhd, with large tender hver and spleen Blood pressure 
124 systohc, 40 diastohc Hemoglobm 75 per cent Leuccaytes 9,000 De- 
veloped pencardial friction, petechiae and mcreasmg heart failure Diagnosis 
at autopsy Rheumatic pancarditis with aortic, rmtral and tricuspid endocarditis, 
cardiac dilatation, chrome passive congestion of limgs, hver and spleen 

Case A 28 {703) Age 24, colored, male Admitted January 28, 1927 Pul- 
monary abscess m nght lower lobe with onset of symptoms one week before ad- 
mission Culture of sputum showed a Streptococcus mndans predominatmg 
Leucocytes 13,000 to 20,000 Sputum 17 to 37 oimces daily 

Case A 29 {1859) Age 60, white, female Admitted April 1, 1927 Car- 
emoma of head of pancreas, secondary metastases to hver and lungs mtense 
jaundice Onset of symptoms with jaundice three months before admission 
Case A 30 {821) Age 38, white, female Admitted February 4, 192 7 Rheu- 
matic pancarditis since adolescence, auricular fibrillation smee 1915, marked heart 
failure, asates and subcutaneous edema 

Case A 31 {1373) Age 53, white, female Admitted February 7, 1927 
Permaous anemia of four years duration Hemoglobm 65 per cent, red blood 
cells 1 9 milli on, leucocytes 4,400 No free HCl m gastnc contents Blood taken 
for analysis before transfusion 

Case A 32 {1337 Age 16, white, male Admitted March 4, 1927 Pul- 
monary abscess m nght upper lobe foUowmg tonsillectomy two weeks previously 
Through bronchoscope obtamed a pure culture of Mtcrococctis catarrhaits Sputum 
10 to 15 ounces daily 

Case A 33 {1346) Age 28, colored, male Admitted March 5, 1927 Acute 
gangrenous perforatmg appendiatis with generalized pentombs, onset March 1, 
operation March 5 Wassermann stronglv positive From March 5 to 7 when 
blood was taken for analisis the patient received 180 cc of 5 per cent glucose and 
2 pier cent NaHCOj every three hours by rectum 

Case A 34 {1530) Age 30 ishite, male Admitted March 15, 1927 Acute 
gangrenous perforatmg appendiatis with generalized pentomtis, operation on 
admission Dunng foUowmg two davs until blood was taken for analj'sis patient 
had received 100 cc phvsiological sahne by hypiodermoclysis and contmuous entero- 
ch'sis with tap water 
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dassification from stimulant to depressant, but mvolved its use m 
heart disease and in such diseases as pneumoma m which many ob- 
servers beheved it to be beneficial 

It soon appeared that m the new situation there were difficulties 
which it was impossible to ignore Some of them it seemed possible 
to explore They are questions such as these Is the effect of digitalis 
m decreasmg the volume output transient, as m Harnson and 
Leonard’s dogs, or prolonged, as it appears to be m Burwell, Neigh- 
bors and Regen’s patients, is it the same m animals with hearts of 
normal size and m animals the hearts of which are enlarged, does it 
make a difference whether the hearts are merely enlarged or does the 
presence of disease of the muscle also play a r 61 e in the final effect, 
does the presence of edema of the skm, tissues, and organs make a 
difference? If m all these situations digitahs behaves alike, is there 
perhaps a difference between dogs and man m the response to digitahs 
under any or all the heads which have been mentioned? And finally, 
m the mterests of clearness, is the classification of digitahs as a de- 
pressant correct, and on which of its essential actions does the m- 
ference depend which places it m this category? 

There is another matter of great mterest which anses m connection 
with the studies of Harnson and Leonard It concerns the defini- 
tion of benefiaal action and how its presence is to be ascertamed 
Shall beneficial action depend on the a pnon assumption that it can 
be recognized and can be appraised m terms of one or another de- 
tailed effect of this drug, such as its effect on the blood pressure or 
the volume output or its effect on tone or on contraction or another 
of the many actions which it undoubtedly possesses? Or is it to 
depend on the net result of all these, on the general reaction of the 
whole man The matter is one really of great difficulty m connec- 
tion with the circulation If digitahs, for instance, slowed the rate 
of the ventricles m auncular fibrillation but failed to reheve the 
patient permanently of whatever general disabfiity affected bun, 
would its use be contmued even m the absence of a substitute? Ex- 
amples hke this may of course be multiphed This one is suggested 
to illustrate the pomt at issue, namely, whether beneficial action can 
without searchmg analysis be equated with any one of the details of 
the action o£ an agent, especially when it is scarcely known whether 



54 


CAMIAC SIZE AND OUTPUT AETER DIGITALIS 


dassification from stimulant to depressant, but mvolved its use m 
heart disease and in such diseases as pneumoma m which many ob- 
servers beheved it to be benefiaal 

It soon appeared that m the new situation there were difficulties 
which it was impossible to ignore Some of them it seemed possible 
to explore They are questions such as these Is the effect of digitalis 
m decreasmg the volume output transient, as m Harnson and 
Leonard’s dogs, or prolonged, as it appears to be m Burwell, Neigh- 
bors and Regen’s patients, is it the same m animals with hearts of 
normal size and m animals the hearts of which are enlarged, does it 
make a difference whether the hearts are merely enlarged or does the 
presence of disease of the muscle also play a r 61 e in the final effect, 
does the presence of edema of the skm, tissues, and organs make a 
difference? If m all these situations digitahs behaves alike, is there 
perhaps a difference between dogs and man m the response to digitahs 
under any or all the heads which have been mentioned? And fiinally, 
m the mterests of clearness, is the classification of digitahs as a de- 
pressant correct, and on which of its essential actions does the m- 
ference depend which places it m this category? 

There is another matter of great mterest which anses m connection 
with the studies of Hamson and Leonard It concerns the defini- 
tion of benefiaal action and how its presence is to be ascertamed 
Shall beneficial action depend on the a pnon assumption that it can 
be recognized and can be appraised m terms of one or another de- 
tailed effect of this drug, such as its effect on the blood pressure or 
the volume output or its effect on tone or on contraction or another 
of the many actions which it undoubtedly possesses? Or is it to 
depend on the net result of all these, on the general reaction of the 
whole man The matter is one really of great difficulty m connec- 
tion with the circulation If digitahs, for instance, slowed the rate 
of the ventricles m auncular fibrillation but failed to reheve the 
patient permanently of whatever general disabfiity affected bun, 
would its use be contmued even m the absence of a substitute? Ex- 
amples hke this may of course be multiphed This one is suggested 
to illustrate the pomt at issue, namely, whether beneficial action can 
without searchmg analysis be equated with any one of the details of 
the action of an agent, especially when it is scarcely known whether 



56 


CAia)IAC SIZE AND OUTPUT AETER DIGITALIS 


To study the effect of digitahs upon contraction of cardiac muscle we made use 
of the method of photographmg the motion of points of the heart’s borders by 
casting shadows of these pomts made by roentgen rays upon movmg films We 
adapted for dogs the apparatus which Cohn and Stewart (1924) devised formerly 
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Fig 1 Photograph of the Apparatus Used in Making jMovtng X-ray 
Photographs of the Heart 

See figure 2 for a diagrammatic sketch of the apparatus -Y, x-ray tube 34 
inches from control film, P, plumb Ime for centermg x-ray tube over sht S, 
C, rod to mdicate location of sht S, T, electromagnetic time marker from Petzold 
clock, G, guide for dog board, D, switch to Petzold clock, E, current switch to 
motor AI, L, lead screen, S', 0 5 cm sht m the lead screen, 1, gmdes for control 
film, W, counter-weight, N, cable for drawing movmg film past the sht, M, 
motor 


for human bemgs The photographic sj'’stem instead of bemg vertical now 
functioned honzontaUy The dogs lay on a proper board This was placed upon 
a lead screen (fig 1 and 2, L) m. w'hich a transverse sht (fig 1 and 2, S) was cut 
0 5 cm wide Opposite the sht near one end a time recordmg lever (fig 1 , T) 
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89 9 
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• V “ \*otmte(L 

t Before calculating the oxj’^en saturabons OJ and 0 1 volumes per cent (the a mounts of oxj^en in physical somt 
tacted from the artenal and mixed %*enous contents respectively 
t These x raj photographs vrare taken at a distance of 34 Inches 
{ Tincture digitalis unless otherwise mdicated I — intravenously M ■» by mouth. 
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CAIUDIAC SIZE AND OUTPUT AETER DIGITALIS 



Fig 3 Showing the Efeect of Giving Digitaus on Capdiac Output, Cardiac 
Size and Excursions of eftf. Right and Left Ventricles in Dog 265 

Photographs were made at the 6th interspace as w ell as at the level of the 6th 
nb As the effect of digitalis wore off cardiac output, cardiac size and extent of 
ventricular excursions returned simultaneously toward normal 
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Fig 3 Showing the Effect of Giving Digitaus on Caediac Output, Cardiac 
Size and Excursions of the Right and Left Ventricles in Dog 265 

Photographs were made at the 6th interspace as w ell as at the level of the 6th 
nb As the effect of digitalis wore off cardiac output, cardiac size and extent of 
ventricular excursions returned simultaneously toward normal 






Fig 4 Photographs op the Moving Films Obtained as Described m the Text 
Below each photograph is placed the corresponding tracing made from the ongmal films of the excursions of the nght and 
left ventncles respectively The photographs are reduced to one-fourth of their natural size 
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j, I CVFniVC SIZE AMD OUTPUT ATTER DIGITALIS 

C Obn (Colin) found that the dose for cats must be multiplied by the 
nctnr 1 16 to arn\c at a comparable quantity for dogs We have 
•’c^ordingK injected this amount To several dogs we admmistered 
furttolmc (Ciba) intra\ enousl^ for the sake of companson with the 
c\p nments of Harnson and Leonard (1926) Of this preparation 
'c injected 0 5 cc per kilogram of body weight (Harnson and 
leonard (1926), Pardee (1925)) To one dog we gave digitan 
'Mcrcl) 10 gram be mouth The same phenomena resulted ir- 
re 'pcetn c of the preparation that was adrmnistered 

OBSERVATIONS 

In 7 dogs we ha\e complete data of the effect of givmg digitalis on 
CTdiac output, cardiac size and ventncular contraction (excursions) 
Tic cjfccl oj digitahs on cardiac output In dog 257 the cardiac 
output -isas 3820 cc per mmute (table 1, fig 5) Two and one-half 
hours after tincture of digitahs 2 8 cc had been given mtravenously 
the output fell to 2351 cc per minute, there occurred, that is to say, 
a decrease to 61 2 per cent of the initial output Later, at 26| hours, 
the output fell still further to 1790 cc , equal to 46 8 per cent only 
01 the output at the beginning On the second day there was a 
change The output increased to 2359 cc and m 10 days returned 
to 3592 cc , that is to saj , to 94 per cent of the uutial value In this 
dog then there v.as after the administration of digitahs a decrease m 
cardiac output vathin 2l hours which reached a maximum 24 hours 
later The return to normal, though not complete, took place at the 
end of 10 dajs 

The results ucre similar m the other 6 dogs (table 1, figs 3 and 6), 
V ith this exception, namely that in 3 dogs (dog 258 (fig 6), dog 259 
and dog 263) the output, following the initial decrease actually be- 
came greater than it had been at first This observation will be 
ducus'ed later at greater length In general, though, the output 
decreased umforml} 2] to 3 hours after the admimstration of digitahs, 
but the maximum u as usually delayed until 24 hours later It vaned 
uetween 34 and 62 per cent of the initial value (table 1) Later the 
caranc output returned toward normal (dog 261, dog 265 (fig 3) 
and dog 266) or exceeded this value (dog 258 (fig 6), dog 259 and 
eng The changes in output occurred irrespective of changes 
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in heart rate (recorded electrocardiographically) though this was 
found usually to have decreased 2 to 3 hours after administration 
Later the rate returned to what it was at the outset of the expemnent 

Ifep 

cent 



Fig 6 Showing the Effect of Giving Digitaxjs on Cardiac Output, Cardiac 
Size and Excursions of the Right and Left Ventricles in Dog 258 

In this instance, after the pre limin ary decrease, the cardiac output increased 
and overshot the initial measurement even though the heart was smaller than 
it was m the begmrung This result is attributed to the fact that the height of 
the ventricular excursions contmued greater than it was m the imtial 
measurements 
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January 31, 1928 February 1, 1928 February 10, 1928 
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The x-ray photographs were taken on the davs indicated Below each photograph is recorded the area ol 
photographs are reduced to one fourth of their natural size 


January 31, 1928 February I, 1928 February 10, 1928 
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photographs are reduced to one fourth of their natural size 



TABLE 3 

Effect of iiijcchng digtlahs upon cardiac output and cardiac size tn normal dogs 
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Effect of iiijcchng digtlahs upon cardiac output and cardiac size tn normal dogs 
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SUMMARY 

Following the administration of digitahs to normal dogs m so- 
called therapeutic amounts the foUowmg effects were observed (1) 
the form of the T-wave m the electrocardiogram changed, (2) the 
cardiac output decreased, (3) the size of the heart decreased, (4) the 
height of ventncular excursions increased WTien digitahs was ex- 
creted all these measurements returned toward normal ' 

1 

DISCUSSION 

We have demonstrated then that following the admmistration of 
digitahs to normal dogs the cardiac output and the cardiac size 
decreased, but the extent of ventncular contraction on the other hand 
increased In what way are these observations to be connected m 
analyzmg the effect of digitahs on cardiac output? In our early 
experiments (Cohn and Stewart, 1928a) the six to which reference has 
just been made and in which cardiac output and cardiac size alone 
were correlated, there was close agreement between the two, when- 
the cardiac size decreased the cardiac output decreased, as we thought, 
necessarily But that the influence of digitahs on the two func- 
tions was distmct and separable became apparent when the effect 
of digitahs began to wear off When the size of the heart began 
to increase, the output sometimes mcreased more than it should 
have done were size the only factor involved (dogs 254 and 255, 
table 3) Wfliy this was so was difl&cult at first to explam, but the 
reason became evident as we thought, when we began to take mto 
account the effect of the drug on contraction There was ample 
reason to antiapate a stnkmg effect on this function based on evi- 
dence gamed by many other observers from experiments on ammals 
that had been operated on What the effect is m mtact animals to 
which no anesthetic had been given was however unknown The 
method of the movmg film employed m this study permitted an 
answer to this question, ventncular contraction mcreases m the 
mtact as it does m the animal which has been operated upon * 
There are m fact two opposed actions of digitahs, there is an 
effect on the size of the hea^, which we mterpret as bemg an effect 
on tone, m this case an mcjrease m tqne of the heart muscle, from 
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output, we have attempted to study by plottmg systematically all 
the measurements of size that we have made m all the dogs and of 
correlatmg them with the correspondmg simultaneous volume out- 
puts (fig 8) The sizes (not grouped from the pomt of view of then 
ongm m mdividual dogs) are arranged m decreasmg order (table 1, 
column 14 and table 3, column 15) It will be observed that as the 

Ifer 


cent 



Fig 8 Showing the Correlation Between Cardiac Size and Cardiac 

Output 

For explanation see the text 

areas of the hearts decrease, volume outputs also decrease consist- 
ently, though these naturally fluctuate The slope of the curve of 
cardiac output is greater than that of heart area The difference is 
to be expected smce cardiac output is a cubic, while the heart area 
IS a square measurement Were it not that we have data on differ- 
ences m the extent of the ventncular excursions we should be unable 
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CARDIAC SIZE AND OUTPUT APTER DIGITALIS 


SUMMARY 

Tiie effect of therapeutic doses of digitahs given intravenously and 
by mouth upon the circulation of normal dogs has been studied It 
was foimd that 

1 Changes m T-waves of the electrocardiograms were constantly 
observed 

2 The heart rate always slowed 2 to 3 hours after giving digitalis 
unless an abnormal rhythm developed In 24 hours the rate was 
like the mitial count 

3 The cardiac area decreased 

4 The ventricular excursions increased 

5 The cardiac output always decreased at first, but nught later 
mcrease 

6 These effects were at a maximum 2 to 24 hours after the ad- 
mmistration of the drug 

7 As the effect of digitalis wore off the cardiac output, cardiac 
size and ventncular excursions returned to normal The cardiac 
output often became greater than the mitial value 

CONCLUSIONS 

Digitalis ■mthin the first 24 hours decreases the cardiac output of 
normal dogs The cardiac output which obtams at any later m- 
stant IS the net result of the working of two opposing factors The 
first of these effects increases cardiac tone and results m decrease in 
the size of the heart It is due to this action that cardiac output tends 
to decrease The second effect increases ventncular contr-action and 
tends to mcrease cardiac output If cardiac size is not smaller than 
a cntical value, mcrease m ventncular contraction overbalances 
decrease m size so that cardiac output mcreases beyond the begm- 
nmg Aalue 
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CAIIDLA.C SIZE AND OUTPUT AETER DIGITALIS 


MATERIAL 

The dogs which were studied were operated on 2g- to 4 tV years ago 
Evidence of the lesions which were then created were still present at 
the tune of these expenments (table 1) Complete data concerning 
the operations in these animals will be published later (Stewart) A 
brief description only of the method used in operating on the valves 
need be given Under ether and under aseptic conditions the left 
auricular appendage was exposed and incised A cardioscope^ was 
then mserted through this openmg and placed so that the leaflets of 

TABLE 1 


Enlargement of the heart following induction of artificial mitral insufficiency in dogs 


Dog number 

Area of heart* 
before operation 

Area of heart* 
after operation 

Time amce 
operation 

Increase in heart 
area 


sg cm 

sq cm 

^cars 

per cent 

155 

56 1 

66 1 

2i 

18 

158 

46 4 

84 3 

2i 

82 



90 2 

3i 

94 

161 

46 0 

71 4 

2i 

55 



81 2 

3i 

77 

162 

55 0 

65 8 

2i 

20 



66 9 

H 

22 

171 

50 3 

62 3 

2i 

24 

90 

43 0 

45 3 

4* 

5 


* The X raj photographs \sere made at a distance of 2 meters 


the rmtral valve were brought into view The leaflet could then be 
cut under direct xnsion Development of a marked sj'-stohe thrill was 

^ The cardioscope t\hich Me used Mas designed MTth the assistance of Mr R 
tVappler, and mbs made for us bv the tVappler Electnc Company, Long Island 
Cit\ , Ncm York The idea of cutting the valves of the heart under direct vision 
M-as suggested to us by the prelimmarj report, of Allen and Graham (1922) As 
complete data for the construction of their mstrument Mas not available at the 
time, M e dexosed this neM instrument. The optical sj'stem is similar to that used in 
cistoscopes We are much indebted to Doctors Graham and Allen for valuable 
aid m learmng their methods and desire to express our thanks to them for then- 
court esj 
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CARDIAC SIZE AND OUTPUT APTER DIGITALIS 




161 

lilale 

(con- 

tinued) 


Date 

Weight 


ksm 

I^Iarcli 27, 1928 

13 9 

March 28, 1928 

13 0 

[ March 31, 1928 

13 0 

May 31, 1927 

20 2 

June 1, 1927 


June 2, 1927 


June 9, 1927 

19 2 

June 10, 1927 


June 11, 1927 


March 22, 1928 

20 3 

March 23, 1928 

18 3 

March 24, 1928 

17 9 

March 26, 1928 

18 5 



TABLE 2 


0] saturatu 



volumes volumes volumes 
percent percent percent 

17 67 15 10 2 57 




cc pet cent 

4,048 100 0 

2,760 
1,630 

2,313 57 2 -42 8 




28 10,000 


25 0 - 75 
38 0 -62 
-30 


35 0 -65 0 21 64 

27 0 -73 0 21 21 
23 I 45 



95 0 89 


30 6 22 88 


-55 4 
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CARDIAC SIZE AND OUTPUT APTER DIGITALIS 


TABLE ; 


Dog number 
and sex 

Date 

Weight 

Oj content 

Arterio venous osygen difference 

Oiygen consumption 

Cardiac output per minute 

Cardme output per cent of bl 
Ual 

Change m cardiac output* 

Oi capacity 

Oi satural 

•a 

S 

Mued venous 

C 

U 

u 

k. 

< 


161 

lilale 

(con- 

tinued) 

I^Iardi 27, 1928 

March 28, 1928 
March 31, 1928 

kgm 

13 9 

13 0 
13 0 

volume 
per cent 

17 67 

19 91 

20 59 
17 64 

volumes 
per cent 

15 10 

15 96 
14 15 
12 97 

vdumts 
Per cent 

2 57 

3 95 

6 44 

4 67 


cc 

4,048 

2,760 

1,630 

2,313 


per cent 

-31 8 
-59 7 
-42 8 

Tcl 

umes 

per 

cent 

18 95 

21 70 

22 40 

18 55 

■By! 

i 

Cl 

7 

7. 

6: 

6' 


May 31, 1927 

20 

2 

20 32 

19 04 

1 28 

128 

10,000 



21 17 


8! 





19 08 


5 08 

126 

2,480 

■ 

-75 0 

19 85 

95 8 

7( 


June 1, 1927 



20 34 

16 80 

3 52 

136 

3,841 

38 0 

-62 0 

21 59 

94 2 

7: 


June 2, 1927 



18 77 

16 73 

2 04 

142 

6,960 

WjXjj 

-30 0 

19 67 

94 4 

8^ 


June 9, 1927 

19 

2 

16 91 

15 39 

1 52 

130 

8,553 



17 45 

95 7 

85 

158 





15 37 

5 04 

131 

2,600 

35 0 

-65 0 

21 64 

93 3 

7C 

Male 















June 10, 1927 



19 44 

14 58 


111 

2,284 

27 0 

-73 0 

21 21 

EiiWI 

68 


June 11, 1927 



16 66 

13 73 

2 93 

112 

3,823 

45 0 


■ 

91 0 

75 


March 22, 1928 

20 

3 

20 60 

18 66 

1 94 

126 

6,500 



21 38 

95 5 

86 





22 78 

19 30 

3 48 

119 

3,418 

52 6 

-47 4, 

24 47 

92 3 

78 


March 23, 1928 

18 

3 



5 30 

126 

2,370 

36 5 

-63 5; 


95 6 

74 


March 24, 1928 

17 

9 

21 27 

18 34 

2 93 

132 

4,510 

69 4 

-30 6; 

22 88 

92 1 

79 


March 26, 1928 

18 

5 


14 86 

4 16 

123 

2,960 

45 6 

-55 4: 

■1 

92 4 

72 
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CAKDIAC SIZE AJTD OUTPUT AETER DIGITALIS 


TABLE 2 






Oi content 

u 

C 

t 



a 



Ot aatnratlon 







tn 


B 

o 

• 










a 

o 

d 

a 

E 

H 

u 

u 

B 

3 




Bog nmnber 
and sex 

Date 

Weight 

Arterial 

3 

§ 

> 

•g 

S 

& 

o 

0) 

a 

0 
c 

1 
& 

Oxygen constimpU 

44 

d. 

d 

a 

3 

O 

u 

E 

-o 

R 

d 

a 

d 

o 

J- 

a" 

Cl 

-d 

a 

u 

to 

a 

Oi capacity 

Artemi 

Mixed venous 




hgm 

tclUfMS 

ptTunt 

wlumcs 
per cent 

volumes 
per cent 

cc 

ule 

cc 

percent 

^er cen/ 

to/- 

umes 

per 

uni 

cent 

per 

cent 


May 

16, 1927 

31 9 

20 18 

17 60 

2 58 

161 

6,240 

100 0 


21 95 

91 0 

80 ( 

155 

Female 




20 78 

m 

4 05 

143 

3,531 

56 0 

-44 0 

21 24 


74 1 

May 

17, 1927 



BE 

3 02 

173 

5,728 

92 0 

B 

■ 


82 1 


May 

18, 1927 


19 69 


2 53 

154 

6,088 

98 0 



95 7 

83 < 


May 

19, 1927 


18 77 

16 13 

2 64 

155 

5,871 

94 0 


[ 

96 5 

83 ; 


June 

i, 1927 

16 4 


19 10 

1 75 

158 

9,028 

100 0 


21 73 


00 

171 

Female 




23 43 

12 92 

10 51 

162 

1,541 

m 

-83 0 

24 35 

95 4 

52 1 

June 

8, 1927 



11 76 

13 24 

173 

1,307 


-86 0 


94 3 

43 ( 


June 

9, 1927 






■ 






Itlarch 26, 1928 

10 6 

19 48 

16 22 

3 26 

59 

1,810 

100 0 




79 

90 

ISIale 




22 22 

17 99 

4 23 

59 

1,395 


-23 0 

23 17 

95 1 

77 2 

March 27, 1928 

9 9 

20 66 

8 57 

12 09 

59 

488 


-73 0 


92 9 

38 5 
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TABLE 2 


Dog nmnber 
and sex 

Date 

Weight 

Oi content 

Arterio-venous oxygen difference 

d 

0 

Zl 

d. 

1 
s 

3 

1 

Cardiac output per minute 

Cardiac output per cent of ini 
tial 

change m cardiac output* 

Oi capacity 

Oi saturatlonf 

Arterial 

Mncd venous 

Arterial 

Mixed venous 








cc 




w/- 







VelUfMS 

volumes 

volumes 

per 




umes 

pel 

per 





percent 

per cent 

per cent 

mih 

irie 

Percent 


per 

cent 

cent 








ute 




ctnl 




May 

16, 1927 

31 9 

20 18 

17 60 

2 58 

161 

6,240 

100 0 


21 95 

91 0 

80 0 

155 




20 78 

m 

4 05 

143 

3,531 

56 0 


21 24 

92 5 

74 8 


May 

17, 1927 



1m 

3 02 

173 

5,728 

92 0 

-8 0 

21 28 

95 8 

82 1 


May 

18, 1927 


19 69 


2 53 

154 

6,088 

98 0 

-2 0 

^9^ 

95 7 

S3 9 


May 

19, 1927 


18 77 

16 13 

2 64 

155 

5,871 

94 0 


19 24 

96 5 

83 3 


June 

7, 1927 

16 4 

20 85 

19 10 

1 75 

158 

9,028 

100 0 


21 73 


87 S 

171 





12 92 

10 51 

162 

1,541 

m 

-83 0 

24 35 

95 4 

52 7 


June 

8, 1927 




13 24 

173 

1,307 


-86 0 


94 3 

43 6 


June 

9, 1927 







■ 






IMarch 26, 1928 

10 6 

19 48 

16 22 

3 26 

59 

1,810 

100 0 




79 4'; 

i: 

90 




22 22 

17 99 

4 23 

59 

1,395 


-23 0 

23 17 

95 I 

77 2\\ 


March 27, 1928 

9 9 

20 66 

8 57 

12 09 

59 

488 

1 

-73 0 


92 9 
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CARDIAC SIZE AND OUTPUT AFTER DIGITALIS 


OBSERVATIONS 

Efecl of digitahs on cardiac output msufficienc}^ was created 

m dog 162 on Januar}’- 13, 1925, 2^ years ago The heart area in- 
creased 20 per cent during this time, from 55 0 to 65 8 sq cm (table 1) 
The cardiac output on May 23, 1927, was 5024 cc per nunute 
(table 2) Two hours after injection of tmcture of digitahs 3 5 cc , 
the output decreased to 2133 cc per nunute, 23 hours after, it mcreased 
to 4237 cc , 45 hours after it fell to 3249 cc, 81| hours after it was 
4459 cc , and 103J hours after, 7084 cc The decrease (58 per cent) 
m cardiac output was at a maximum 2 hours after digitalis was given 
The output returned to normal with shght fluctuations toward the 
end of the 8th day 

On March 19, 1928, the experiment was repeated 3^ years after the 
flrst operation The heart had enlarged 22 per cent (table 1) The 
cardiac output was 6663 cc per nunute (table 2) Tmcture of digitahs 
4 0 cc was then admmistered mtravenously Three hours later the 
output fell to 2193 cc but mcreased the followmg day to 2900 cc 
The output had not returned to normal 9 days later and was only 
2468 cc per nunute On March 29, tmcture of digitahs 2 3 cc was 
again injected mtravenously, and was followed by a fall m cardiac 
output to 1657 cc or 67 2 per cent of the initial measurement, m 3 
hours (table 2, fig 1) At the end of four days the cardiac output 
returned to 2535 cc or 102 7 per cent of the output at the beginning 
of this penod (March 29, 1928) On three occasions accordmgly 
the admimstration of digitahs m this dog was followed by decreases in 
cardiac output 

Mitral msufficiency was created m dog 161 m December 11, 1924, 
2\ years ago Durmg this time the area of the heart mcreased 55 per 
cent from 46 0 to 71 4 sq cm (table 1) The cardiac output was es- 
timated on June 6, 1927, and found to be 8700 cc per nunute (table 2) 
Tmcture of digitahs 3 3 cc was then given mtravenously When es- 
timated 2 hours later the output was found to have decreased to 
3365 cc per nunute The measurement 21 hours after injection rose 
to 3959 cc , but after 48 hours it again fell to 3159 cc , after 96 hours 
it mcreased to 7514 cc There was accordmgly a decrease of 62 per 
cent m cardiac output immediately after gl^nng digitahs At the 
end of four days the efi'ect had nearly worn off 
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OBSERVATIONS 

Efecl of digitahs on cardiac output ]\Iitral msufficiencj^ was created 
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On March 19, 1928, the experiment was repeated 3j years after the 
first operation The heart had enlarged 22 per cent (table 1) The 
cardiac output was 6663 cc per nunute (table 2) Tmcture of digitahs 
4 0 cc was then admimstered mtravenously Three hours later the 
output fell to 2193 cc but mcreased the foUowmg day to 2900 cc 
The output had not returned to normal 9 days later and was only 
2468 cc per nunute On March 29, tmcture of digitahs 2 3 cc was 
again injected mtravenously, and was followed by a fall m cardiac 
output to 1657 cc or 67 2 per cent of the initial measurement, m 3 
hours (table 2, fig 1) At the end of four days the cardiac output 
returned to 2535 cc or 102 7 per cent of the output at the beginning 
of this penod (March 29, 1928) On three occasions accordmgly 
the adnumstration of digitahs m this dog was followed by decreases in 
cardiac output 

Mitral msufficiency was created m dog 161 m December 11, 1924, 
2\ years ago Durmg this time the area of the heart mcreased 55 per 
cent from 46 0 to 71 4 sq cm (table 1) The cardiac output was es- 
timated on June 6, 1927, and found to be 8700 cc per nunute (table 2) 
Tmcture of digitahs 3 3 cc was then given mtravenously When es- 
timated 2 hours later the output was found to have decreased to 
3365 cc per nunute The measurement 21 hours after injection rose 
to 3959 cc , but after 48 hours it again fell to 3159 cc , after 96 hours 
it increased to 7514 cc There was accordmgly a decrease of 62 per 
cent m cardiac output immediately after giinng digitahs At the 
end of four days the efi'ect had nearly worn off 
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CAilDIAC SIZE AND OUTPUT AETER DIGITALIS 


The experiment was repeated 9 months later on March 27, 1928 It 
was now 3| years since operation The heart had increased m size 
77 per cent (table 1) The cardiac output was 4048 cc per mmute 
(table 2) Tmcture of digitahs 2 6 cc was given mtravenously and 
0 5 cc subcutaneously The output fell 3 hours later to 2760 cc 
and 24 hours later stiU further, to 1630 cc It rose to 2313 cc 4 days 
after injection There was then a maximum fall of 60 per cent in 
cardiac output followed by return toward normal 

Mitral insuffiaency was created m dog 158 on December 2, 1924, 
2^ years ago The area of the heart mcreased (82 per cent) from 46 4 
to 84 3 sq cm (table 1) The cardiac output on May 31, 1927 was 
10,000 cc per mmute (table 2) Two hours after the injection of 
tmcture of digitahs 4 6 cc the output fell to 2480 cc , 20 hours after, 
it rose to 3841 cc , and 45 hours after, it rose further to 6960 cc A 
week later it rose stiU further to 8553 cc , nearly to the level exist- 
ing before digitahs was administered On June 6, 1927, tmcture of 
digitahs 4 4 cc was given agam Two hours later the output decreased 
to 2600 cc per minute, and 24 hours afterward decreased further to 
2284 cc At the end of 47 hours the cardiac output began to mcrease 
and was found to be 3823 cc The output decreased then 75 per cent 
followmg the admmistration of digitahs and slowly returned toward 
normal 

Digitalis was given agam 10 months later Mitral insufficiency had 
now been estabhshed for 3^ years During this tune the heart area 
mcreased 94 per cent from 46 4 sq cm to 90 2 sq cm (table 1) The 
cardiac output on March 22, 1928 was 6500 cc per mmute (table 2) 
Tincture of digitalis 4 3 cc was injected mtravenously The output 
fell 3 hours later to 3418 cc , 1 day later it fell further to 2370 cc , 1 day 
later still it mcreased to 4510 cc and 2 days later, that is to say, 4 days 
after mjection it fell agam to 2960 cc There was a maximum decrease 
(64 per cent) m cardiac output 25 hours after the mjection of digitalis, 
followed by a slow return toward normal On three occasions the 
same result followed the administration of digitalis, there was always 
a decrease m cardiac output 

jNIitral msufficienc}" was created m dog 155 on February 25, 1925, 
2\ } ears ago After this the dog became pregnant and was dehvered 
of 5 puppies without dei elopmg anj’- signs of heart failure The area 
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week later it rose stiU further to 8553 cc , nearly to the level exist- 
ing before digitahs was administered On June 6, 1927, tmcture of 
digitahs 4 4 cc was given agam Two hours later the output decreased 
to 2600 cc per mmute, and 24 hours afterward decreased further to 
2284 cc At the end of 47 hours the cardiac output began to mcrease 
and was found to be 3823 cc The output decreased then 75 per cent 
followmg the admmistration of digitahs and slowly returned toward 
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Digitalis was given agam 10 months later Mitral insufficiency had 
now been estabhshed for 3^ years During this tune the heart area 
mcreased 94 per cent from 46 4 sq cm to 90 2 sq cm (table 1) The 
cardiac output on March 22, 1928 was 6500 cc per mmute (table 2) 
Tincture of digitalis 4 3 cc was injected mtravenously The output 
fell 3 hours later to 3418 cc , 1 day later it fell further to 2370 cc , 1 day 
later still it mcreased to 4510 cc and 2 days later, that is to say, 4 days 
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as an example On March 19, 1928, the area of the heart was 78 5 sq 
cm (table 2) Digitalis was then administered and three hours later 
the area diminished to 62 7 sq cm , 79 8 per cent of the mitial value 
There was an mcrease 2 days later to 71 2 sq cm or 90 7 per cent of the 
first measurement Ten days later, on March 29, 1928, digitahs was 
agam mjected The area of the heart at this time was 70 2 sq cm 
(table 2, figs 1 and 3) Three hours afterward the area decreased to 
57 3 sq cm or 81 6 per cent of the size before this mjection The 
area mcreased shghtly to 60 6 sq cm 24 hours later, or 86 4 per cent 
The size 4 days later mcreased still more to 63 8 sq cm or 90 9 per 
cent On both occasions the size of the heart decreased withm 24 
hours, 20 and 18 per cent respectively Then it gradually mcreased 
as the effect of digitahs wore off This dog had been given digitalis 
9 months before (table 2) and on this occasion also there was a decrease 
m size of 25 6 per cent 

The effect of digitahs m the other dogs was sumlar to that just 
descnbed Digitahs was given to dog 161 on two occasions (table 2), 
to dog 171 once (table 2), to dog 155 once (table 2), to dog 158 on 
three occasions (table 2) and to dog 90 once (table 2, fig 2) The 
greatest decrease detected occurred sometimes at 2^ hours and at other 
tunes 24 hours after the mjection of digitahs and vaned m extent 
between 11 and 29 per cent Decrease was followed by mcrease m 
size as the effect of digitahs dimmished 

Effect of digitahs an ventricular contraction of enlarged hearts On 
hlarch 29, 1928 m dog 162 the left ventncular excursion was 2 1 mm 
at the level of the 6th nb (table 2, figs 1 and 4) Digitahs was then 
given The left ventncular excursion 3 hours later was 3 7 mm At 
the end of the first day it was 3 8 mm , and at the end of the fourth, it 
was 3 4 mm The right ventncular excursion mcreased from 3 6 m m 
to a maximum of 7 3 mm The maximum mcrease of the left ventnc- 
ular excursion was accordmgly 1'81 per cent and of the nght 200 per 
cent As the effect of digitahs wore off the excursions became small 

There are observations like these m 3 other dogs (table 2, fig 2) 
All behaved alike The mcrease m height of excursion of the left 
ventncle ranged between 16 and 81 per cent Whenever nght ventric- 
ular excursions could be measured, mcreases attammg 100 per cent 
were observ’^ed In all cases, measurement was however not possible 
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because for anatomical reasons (position of sternum or vertebral 
column) clear photographs of the excursions were not obtained 
Ejffecf of dtgtiahs on rale conductian time and on the form of the 
electrocardiogram Changes m the form of the T-wave were constantly 
found followmg the admmistration of digitalis (tables 2 and 3) The 
ventncular rate was sometimes mcreased, sometimes decreased and 
at other times unchanged The conduction time was increased in 3 


TABLE 3 

Summary of effect of digitalis on the electrocardiograms of dogs with enlarged hearts 


Dos 

number 

Date 

Ventricu 
lar rate 

PR 

interval 

T wa\-es 

Abnormalities due to 
digitalis 

DeCTce of 
enlarge 
ment of 
heart 
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Vent. Par Tach 

82 
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+ 
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Aur Fib , V P C 

94 
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16, 1927 
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+ 
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18 
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June 
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I-H B 
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171 

June 

7, 1927 

+ 

0 

c 
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24 


c = changed, 0 = unchanged, + = increased, — = decreased Vent Par Tach 
= Ventncular paroxysmal tachycardia A P C = Auncular premature contractions 
Aur fib = Auncular fibrillation V P C = Ventricular premature contractions 
I-H B = Incomplete heart block 


Fig 4 In this figure are reproduced photographs of the moving films oh tamed 
in the manner desenbed m the preceding paper (Cohn and Stew art, 1928) Below 
each photograph are placed traangs of the ongm^ films vhich show the excur- 
sions made b\ the nght and left ventndes respectively When these photographs 
were taken the time marker was not workmg properly The film was moving 
howei er, at a constant spieed The photographs are reduced to one-fourth of their 
natural size 
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dogs (dogs 155, 158 and 162) Evidence of toxic action was mani- 
fested in the fonn of irregulanty m all dogs except 155 and 171 
Paroxysmal ventncular tachycardia was encountered in 3 dogs (dogs 
90, 158 and 161) Auricular premature contractions were observed 
once fdog 158), ventncular premature contractions (without paroxys- 
mal ventricular tachycardia) twice (dogs 158 and 162), incomplete 
heart block once (dog 162) and auncular fibrillation once (dog 158) 
These effects were all transient and occurred at the height of the action 
of digitalis 

DISCUSSION 

In the hght of these expenments it appears that the effect of givmg 
digitahs results just as was the case m normal dogs m decreasmg the 
cardiac output and the size of the heart and in mcreasmg the height of 
ventncular excursions m dogs m which the hearts are enlarged but m 
which the signs of heart failure have not developed Whether enlarge- 
ment was due to dilatation or to hypertrophy or to both we do not 
know, for most of the animals are stiff ahve There can be no doubt 
however that at the time of observation they were in a state of com- 
pensation, for they ran on a treadmill as long and with as great ease as 
did normal dogs 

As m normal dogs, givmg digitahs mcreased the tone of heart 
muscle, an effect which is reflected m the decreased size of the heart 
The cardiac output was m consequence also decreased Again as m 
normal dogs contraction mcreased, the result of which tended to 
mcrease cardiac output And finally, the effect on cardiac output 
which depends upon the net result of the mteraction of these two 
functions vaned For the first 24 hours the effect on tone over- 
balanced that on contraction so that cardiac output was uniformly 
decreased But when the action of digitahs began to dimmish, the 
rate at which it did so, differed m the various functions, so that the 
effect on contraction measured m terms of the height of the ventncular 
excursions exceeded the effect on tone, estimated m terms of the size of 
the heart, or persisted long after the effect upon it (tone) began to 
dimmish In such mstances, the cardiac output returned to normal 
or overshot this mark, due to the increased extent of ventricular 
excursion, even though the heart sometimes continued to be smaller 
than it had been in the beginning (dog 162, (table 2 and fig 1) 
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two curves We believe we are correct m referring the irregulanties 
to the influence of ventncular contraction Where the peaks occur, 
increase m the height of excursion was great enough to effect cardiac 
output, increase m excursion then overbalanced decrease m size and 
permitted an excess m output beyond that which would have been 
anticipated from the slope of the curve AH of this, as well as the 
ongm of the blood responsible for the unlooked for results are 
discussed also m the precedmg paper 

Two dogs (dogs 90 and 171, table 2) died following the admimstra- 
tion of digitahs The cardiac size was decreased in them as much as 
25 per cent below the origmal measurement and the cardiac output 
73 and 86 per cent respectively Whether death was due to the 
inabdity of the small heart to pump enough blood to mamtam hfe, or 
whether it was due to a toxic effect on the heart muscle we do not know 
Paroxysmal ventncular tachycardia occurred in dog 90, but the normal 
rhythm contmued to be present m dog 171 (table 2) 

The changes m the electrocardiograms were on the whole more 
pronounced m these dogs than m the normal ones An effect was 
found constantly m form of the T-waves (tables 2 and 3) Aunculo- 
ventncular conduction tune mcreased m 3 dogs (dogs 155, 158 and 
162) and on each of the 3 occasions on which digitahs was given to dog 
158 (table 3) Abnormal rhythms (paroxysmal ventncular tachy- 
cardia, auncular fibnllation and mcomplete heart block) as well as 
ectopic beats of auncular and ventncular ongm were encountered 
The}’- were found perhaps more frequently m this group than m the 
normal dogs That abnormal mechamsms are expected when digitahs 
IS prescnbed m large hearts oftener and rather than m normal ones 
is a consequence of chmcal expenence But whether then occurrence 
IS a result of size merely or whether both size and irregulanty of action 
are dependent on a common underlymg fault is not yet, so far as we 
know, understood 

The fact has been mentioned that dog 90 did not show cardiac 
enlargement (table 1) At the tune of operation a soft systohc 
murmur appeared at the rmtral area and persisted for several months 
Then it disappeared leavmg only a sharp first sound Smce cardiac 
enlargement did not develop m the absence of the murmur it is prob- 
able that no lesion of suflacient extent resulted from the operation 
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Regen (1927) showed Though the heart does not become smaller, an 
influence on its size may nevertheless be demonstrated, as was shown 
by Levy (1923) m the case of lobar pneumoma In this disease 
enlargement of the heart did not take place, or at least tended to occur 
less frequentl}'^ if this drug was given We have ourselves shown that 
in patients increase m ventricular excursions may take place after 
digitahs admmistration (Cohn and Stewart, 1924), even though no 
demonstrable change m the size of the heart can be seen m x-ray 
photographs If there is increase in contraction and no decrease m 
size of the heart the experiments which are now reported permit the 
inference that cardiac output mcreases This may be the situation in 
heart failure m man, but of this there is no direct evidence Should 
the mechamsm of heart failure mvolve decrease m the volume output, 
as has until recently been generally beheved to be the case, point would 
be given to what Starhng (1918) described as the law of the heart 
Starhng beheved, and showed in experiments, that when heart muscle 
fibers increased beyond a certam optimal length, decrease m output 
from the heart resulted If the optimal, or a somewhat shorter length, 
were restored, output from the ventricles mounted Heart failure 
may be a condition in which the fibers are longer than optimal, were 
digitahs able to restore them to a proper length, the requirement 
of the situation would be met We have no information that contnb- 
utes to an elucidation of this problem, but these considerations may 
explain why in the absence of heart failure, that is to say of edema, the 
results m our dogs so far as alterations in volume output are concerned 
are vathout specific value The condition m them is simply not that 
of heart failure, they cannot be expected therefore to illustrate the 
mechamsm which obtams in that condition 

SUMMARY 

We have studied the effect of digitahs upon the cardiac output, 
cardiac size and ventncular contraction of dogs with enlarged hearts, 
but without signs of heart failure We have found m them, as in 
normal dogs, that 

1 The size of the heart is decreased 

2 The extent of ventncular contractions is mcreased 
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the mean, pulmonary blood velocity * Accordmg to the formula of 

V T 

G N Stewart (3), Q equals where Q is the quantity of blood 

m the lungs, V is the minute volume flow of blood through the lungs, 
and T, the mean pulmonary blood velocity m seconds If two of the 
factors are known, the third can be calculated Were von Knes 
and Tigerstedt correct m their contention that the speed of the 
fastest particle as expressed by the “circulation time” is twice the 
mean velocity, substitution of the pulmonary circulation time for T, 
the mean veloaty time, would result m magnifying Q, the quantity 
of blood m the lungs, which would then become twice too great If 
on the contrary, the pulmonary circulation tune is an mdex of the 
mean velocity, the substitution should give a result which conforms 
to the results of animal experiments 

Methods and Results 

The crude pulmonary arculation tune was measured according to 
the method previously descnbed (5) The actual pulmonary cir- 
culation tune, that is to say, the tune interval between the amval 
of the active deposit of radium m the pulmonary artery and its 
amval in the left auricle was estimated by subtractmg four seconds 
from the crude pulmonary arculation time Four seconds includes 
the time the active deposit consumes in passmg through the heart 
and vanes according to the phase of the cardiac cycle at which the 
active deposit enters this organ The four seconds also accounts 
for the tune necessarj'- for the active deposit to travel from the left 
ventricle to the antecubital artenes 

The mmute volume of pulmonar}’- blood flow was measured by the 
gasometnc method of Field, Bock, Gildea and Lathrop (6) Except 
m the first few subjects, six to rune “alveolar” and “virtual venous” 
gas samples were anatyzed Occasional discrepant results due to 
exndent errors of techmque were discarded The respuatory mmute 
\olume was measured m all subjects, and m nine of the seventeen 
subjects, the respiratory quotient, and the total CO 2 elimmation per 
mmute were measured after, as well as before, the collection of the 

- Bj this phrase is meant “the mean tune occupied bj the passage of blood 
through the lungs ” 
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the mean, pulmonary blood velocity * Accordmg to the formula of 

V T 

G N Stewart (3), Q equals where Q is the quantity of blood 

m the lungs, V is the minute volume flow of blood through the lungs, 
and T, the mean pulmonary blood velocity m seconds If two of the 
factors are known, the third can be calculated Were von Knes 
and Tigerstedt correct m their contention that the speed of the 
fastest particle as expressed by the “circulation time” is twice the 
mean velocity, substitution of the pulmonary circulation tune for T, 
the mean veloaty time, would result m magnifymg Q, the quantity 
of blood m the lungs, which would then become twice too great If 
on the contrary, the pulmonary circulation time is an mdex of the 
mean velocity, the substitution should give a result which conforms 
to the results of animal experiments 

Methods and Results 

The crude pulmonary arculation time was measured according to 
the method previously described (5) The actual pulmonary cir- 
culation tune, that is to say, the time interval between the amval 
of the active deposit of radium in the pulmonary arterj’- and its 
amval in the left auricle was estimated by subtractmg four seconds 
from the crude pulmonary arculation time Four seconds includes 
the time the active deposit consumes in passmg through the heart 
and vanes according to the phase of the cardiac cycle at which the 
active deposit enters this organ The four seconds also accounts 
for the tune necessarj'- for the active deposit to travel from the left 
ventricle to the antecubital artenes 

The mmute volume of pulmonarj'’ blood flow was measured by the 
gasometnc method of Field, Bock, Gfldea and Lathrop (6) Except 
in the first few subjects, six to rune “alveolar” and “virtual venous” 
gas samples were analyzed Occasional discrepant results due to 
e\udent errors of technique were discarded The respiratory mmute 
\olume was measured m all subjects, and m nine of the seventeen 
subjects, the respiratory quotient, and the total CO 2 elimmation per 
mmute were measured after, as well as before, the collection of the 

- Bj this phrase is meant “the mean time occupied bj the passage of blood 
through the lungs ” 



TABLE 1 

Afeitsuremenl oflhe pulmonary blood vcloctly, the minute volume blood flow through the lungs, and the quantity of blood tn the lungs 


106 


VELOCITY OF BLOOD FLOW 


iSnni nj poo^q pqox 

fc 5 o\ — 

•5.2 -rl CS 

anmiOA poo^q 

o o 

cs 3 

inspwj JO %nSaf\ 

E ° ° 

tamil nt poojq janoray 

o o 

to cs 

CN 

aten nouc| 

nojp Xnmouipid fciuay 

§1 •<> 00 

amn norjTq 

liana Xnraouqnd apn^ 

sec 

ends 

9 

12 

acern 

tiopirpuna ^reatl <n ttuy 

*3 ‘o 

0*0 PO 

a 

ajBJ noprpiojia 

tilers 

per 

minule 

8 5 

7 4 

6 5 

ainartn 

jad oopTOicnp *03 

cc 

220 

208 

205 

laa^noa *03 snonaA 
pm: prua^JB aonaiapiQ 

fol 

umes 

per 

cent 

2 60| 

2 82 

3 16 

aottnai 

*03 aSwaAy 

not 

umes 

1 per 
cent 

7 02 

6 99 

6 88 

aoiCTiai 

*03 ffnotraA , [rnijr^, 

vol 

umes 

1 per 
cent 

6 87 

7 03 
7 16 

6 77 

6 90 

7 08 
7 20 

6 91 
6 88 

7 18 

aoiTnai 

*03 JtqoaA|r aScia vy 

' vol 

1 umes 

1 per 
cent 

6 OS 

S 94 

5 72 

uoiTOai *03 xqoaA^ 

vol 

1 umes 
' per 
cent 

6 06 

5 76 

6 11 
6 11 
6 20 

5 91 
S 89 
5 96 
5 98 

5 78 
5 76 
5 73 
5 62 

luaponb iCioi^ndsa^ 


aum|OA 

ainmui Aioiiajdsa^ 

liters 

10 5 

8 3 

8 6 

jaiaui 

aomtw Jad iCjiardta pni A 

O 

0\ lO lO 

O Cn Cn 

csT ^ ^ 

Xjtardca fc^iA 

O C3 o 

5 to m 

^ cs cs 

ro PO 

sSy 

r- NO VO 

^ fO r<5 

V 

& 

192? 

I February 2 

February 4 

February 5 

jaqumx 

1 

2a 

2b 



TABLE 1 

Afeitsuremenl oflhe pulmonary blood velocity, the minute volume blood flow through the lungs, and the quantity of blood tn the lungs 


106 


VELOCITY OF BLOOD FLOW 


iSnni nj poo^q pqox 

5 o\ ^ 

anmiOA poo^q 

o o 

<N 3 

JJ o\^ 

inspwj JO iqSiajvi 

E ° ° 

tamil m poojq janoray 

o o 

lO cs 

CN 

atnn nouc| 

nojp Xnraouipid fcmay 

§1 00 

aion norjTq 

TiDna Xiwiouqnd apn^ 

si ^ 2 

acern 

uopTqiuita ^reaq <n tniy 

J lO 

o PO 

a 

ajBJ noprpiojia 

tilers 

per 

minute 

8 5 

7 4 

6 5 

ainartn 

jad oopTOicnp *03 

cc 

220 

208 

205 

laa^noo *03 snonaA 
pm: jrua^jt aanajapiQ 

^ Q \0 

^ CO ^ 

c cq cs ro 

aottuai 

*03 aSuaAy 

wi 

umes 

1 per 
cent 

7 02 

6 99 

6 88 

aoimai 

*03 snotraA , (rnijr^, 

[ vot 
umes 
' per 
cent 

6 87 

7 03 
7 16 

6 77 

6 90 

7 08 
7 20 

6 91 
6 88 

7 18 

aoistiai 

*03 J^oaAir aScia vy 

' vol 

1 umes 

1 per 
cent 

6 05 

5 94 

5 72 

uoiTOai *03 <rqoaA^ 

wl 

1 umes 
' per 
cent 

6 06 

5 76 

6 11 
6 11 
6 20 

5 91 
5 89 
5 96 
5 98 

5 78 
5 76 
5 73 
5 62 

;aaponb iCioi^jidsa^ 


aum|OA 

ainmui Aioiiajdsa^ 

tilers 

10 5 

8 3 

8 6 

jaiaui 

wmtw jad iCjiardta pni A 

O 

0\ lO lO 

O Cn Cn 

csT ^ ^ 

Xjtard^ P^5A 

O C3 o 

O to m 

^ to cs cs 

PO PO 

asy 

NO VO 

PO PO 

V 

& 

tm 

I February 2 

February 4 

February 5 

jaqumx 

1 

2a 

2b 



TABLE I—Ccnimued 


108 


VELOCITY OF BLOOD FLOW 


sSimi m poojq pnox 

per 

cent 

29 

21 

aum|OA poo^ 

8 § 

m tiT 

pwqwl JO jqSisjvi 

E ^ ^ 

^ s ^ 

s3nn| uj poojq ^imoniy 

00 ^ 

to VO 

^ 00 

auin uoatq 

•naiio Anrnoniind t^iuoy 

sec 

onds 

8 5 

7 5 

atnn aon^ 

-noito iCrroonipicI apru^ 

sec 

onds 

12 5 

11 5 

atoi) 

xioqB|n3Ji3 uiiy 

seconds 

8 

5 5 

ajw ooqppujfQ 

St.1 

9)T\tI|Ca 

»(I tioqratan|a *03 

00 0 \ 

HO ^ 

fO ^ 

;u3iaoD*oO ^onaA 

pire prji3i« waaia^tQ; 

vcl 

umes 

per 

cent 

2 76 

2 31 

noisna) 

*03 i.pJrqJiA, aSci9AV 

vol 

umes 

per 

cent 

6 64 

\ 

7 14 

coinidi 

*03 momx 

^ ^OO^'OOOOn’OCO rJ’^t-iO'PCOC'O 

uSsOOv'^OO'OfOiO CSCSOvOWOvC^^ 

S|^S VO'O'O'O'O'O'O'O 

aotraai 

*03 J^<WA|C 9§CJ3AV 

vcl 

umes 

per 

cent 

5 63 

6 20 

noisuai *03 irqoaAiy 

kI 

umes 

ptr 

cent 

S 72 
S 41 
5 67 
5 76 
S 69 
5 58 
5 52 

5 70 

6 18 
6 10 
6 45 

5 93 

6 37 

^nsponb iCicnundvs'^ 


aamjOA 

aimnui Xioiuj|cIs3^ 

liters 

8 9 

6 4 

231901 

3«nbs J3<I Xji3rdc3 JoiijV 

CN ^ 

NO — 

V» \0 'O 

«i. •> 

CM CM 

iCj^Dcdo \ni\ 

g 8 

s " 

-a* -a* 

»3v 

21 

21 

Date 

1927 

I cbruary 23 

February 26 

23qcmvj 

C«» 00 



TABLE l—ConlmueJ 


108 


VELOCITY OF BLOOD FLOW 


sSimi m poojq pnox 

per 

cent 

29 

21 

aum|OA poo^ 

8 § 

lo tiT 

pwqwl JO jqSi3j\i 

E ^ ^ 

^ s ^ 

s3nn| uj poojq ^imoniy 

oo 

to VO 

^ VO 00 

auin uoatq 
•naiio Anrnoniind 

sec 

onds 

8 5 

7 5 

atnn oon^ 

-noito iCrroonipicI apru^ 

sec 

onds 

12 5 

11 5 

atm) 

xioqB|n3JT3 oi nuy 

seconds 

8 

5 5 

ajw troqepujr^ 

St.1 

aintqca 

jad tioi;TOtan|a 

00 0\ 

HO VO 

fO ^ 

;uaiuoDtQ3 CTionaA 
pire prji3i« waaia^tQ; 

vcl 

umes 

per 

cent 

2 76 

2 31 

aoima) 

sqD iipiriuiA, aSwaAV 

vol 

umes 

per 

cent 

6 64 

\ 

7 14 

aoiraai 

COD rnotraA 

^ ^OO^'OOOOn’OCO r}’^r^tO'OOOC''P 

^gw'J uS'OOv^OO'OfOVO CSCSOvOCOOvC^^ 

g|^S 'O'O'O'OO'O'O'O 

notras) 

K)D aSfcjaAV 

vet 

umes 

per 

cent 

5 63 

6 20 

noisuai CQ 3 jrjoaAiy 

nl 

umes 

ptr 

cent 

S 72 
S 41 
5 67 
5 76 
S 69 
5 58 
5 52 

5 70 

6 18 
6 10 
6 45 

5 93 

6 37 

jnaponb ^oixindw^ 


aomiOA 

ainuiin Xioiui|ds3^ 

liters 

8 9 

6 4 

jaiatn 

aiunbs jad Xjiardca priijv 

NO — 

v> \o o 

«i. •> 

CN 

iCi^acdo pqtA 

g 8 

s " 

-a- -a* 

33v 

21 

21 

Date 

1927 

1 obrunry 23 

February 26 

jaqtnnvj 

00 



TABLE I — Conitnued 


110 


VELOCITY OF BLOOD FLOW 


*3<mi nj poojq prjox 

per 

cent 

24 

17 

araniOA poo|q paiiqnopo 

o o 

o\ og 

ro 

jastpri JO JijSisM 

him 

62 3 

47 8 

sSan] m poojq ^nnotny 

CM CM 

VO 

VJ ^ O 

v» 

sain uoqB[ 

TiDJio Arcaouitnd pjni^V 

s'! ° 

SUin TIOUTIJ 

-lUJTS Amionqnd spru^ 

sec 

onds 

15 

14 

son? 

uonr[nDJTO vcsq oj uiiy 

1 2 2 

O^TII UOTJ-BltlDJIO 

Itlers 

per 

mtnuie 

6 3 

3 9 

1 

sintnoi 

jsd aonrmnnp tQO 

^ M2 

y 2 S 

;nsiuo3 fQD ctiousa 
ptIB pIUSUB SOUSISglQ 

■si^i 1 S 

notsus; 

tQD , pJnvjA,, sficwAV 

m 

£ |■®■S >0 

aoims) 

^OD ^oasA , piniJtA 

^vOI^cgrOOOO'OCM O'O^'Ot^O' 

-^^m^-HCOrrcMCOCM vOiOt^U^CM^ 

'OO'O'O'O'O'O'O'O 

noisasi 

*OD -nj^osApr aStisAV 

»o ^ 

a w ** CM 

ips ^ 

notins^ cqD J^losApy 

vol' 

umes 

per 

cent 

4 93 

5 57 
5 16 
5 16 
5 21 
5 87 
5 09 
5 12 

5 78 
5 77 
5 60 
5 79 
5 58 
5 72 
5 S3 
5 47 

inarjonb Xicntindiaa 

0 79 
0 78 

0 79 
0 85 

1 

1 

StlIP|OA 

s^nmni iCioiwdss'a 

biers 

5 8 

5 9 

5 8 

6 1 

J9)sm 

srcTib« jsd AjistdK) pJltA. 

O 

o 

u it o 

CM ^ 

Aiiardw 

S s 

v» TO ^ 

'*» Im. 

S3V 

CM 

Date 

mi 

April 6 

Apnl 27 

laqom^j 12 2! 












TABLE t—ConImurd 


110 


VELOCITY OF BLOOD FLOW 


nj poojq pr)OX 

per 

cent 

24 

17 

araniOA poo|q 

o o 

Ov OQ 

ro 

jnsrj'ri JO iijSiSjW 

ksm 

62 3 

47 8 

s8an| m pooiq ^anotnv 

CM 

'O 

u ^ VD 

doin aoqc[ 

TiDJio iCrcootnp\d piiqoy 

S'! C5 

3uin notiTij 

-lUJia Xmiotiqnd apru^ 

sec 

onds 

15 

14 

aiini 

U0Tir[nDJT0 vwq oi tuiy 

seconds 

10 

13 

aqu aoqBjnDiJO 

hlers 

per 

mtnuie 

6 3 

3 9 

1 

ainmiu 

jad uonTOimqa tQO 

^ m 

a 2 2 

inaiuoa sqD ctiou^a 
pnxt piuam waajagtQ 

•315= ° 
al'S.a M 

noisnai 

tQD 1 afitrtAV 

voi 

umes 

per 

cent 

6 35 

7 19 

aoirasi 

*03 tnoaaA , pinutA 

^NOf^^O^^OOOsOCsi O'0-«-tv0t^0' 

*S|^5J nOO'O'O'O'O'O'O'C 

001^6119') 

*0D -rc^cwApj aScj^AY 

»o 

•315= ^ 

8 g-*.!! lO “0 

notsnai ^3 jr|09A^ 

nl- 

umes 

per 

cent 

4 93 

5 57 
5 16 
5 16 
5 21 
5 87 
5 09 
5 12 

5 78 
5 77 
5 60 
5 79| 
5 58 
5 72 
5 S3 
5 47 

inaqonb XioiTLndsa^ 

o o o o I 

9tira(0A 

a^nmm iCiojwidsa'a 

hurt 

5 8 

5 9 

5 8 

6 1 

srcnb* jad ^rardra pji^. 

cc 

2,700 

i 

2,065 

^lardTO 

cc 

4,800 

3,100 

aSv 

26 

42 

Date 

IP27 

April 6 

Apnl 27 

laqom^j 2 2! 













112 


VELOCITY OF BLOOD FLOW 


in the formula they are used as an expression of conditions existmg 
simultaneously The wide vanation m the estimated quantity of 
blood in the lungs is, however, greater than the probable experimental 
error and suggests that the elasticity of the pulmonary tissue permits 
the accommodation of widely varymg volumes of blood 

On the basis of our data, and assuming that the total blood volume 
of man is one-thirteenth of the body weight, the percentage of the 
total blood m the lungs was calculated Wide variations were found 
m the amounts of blood m the lungs, the greater amounts were 
generally assoaated with slower blood flow The average amount of 
blood m the lungs was, as has been said, 21 per cent of the total 
blood volume No great weight is to be attached to the absolute 
values obtamed though the results conform m general to those ob- 
served experimentally m animals G N Stewart (3) observed that 
when both sides of the heart were completely obstructed simultane- 
ously, the lungs m two animals contamed respectively 21 and 18 6 
per cent of the total blood volume Similarly, Kuno (7), studymg 
the heart lung preparation under vanous conditions found from 8 8 
to 19 4 per cent of the total blood m the lungs In animals, by usmg 
the pulmonary circulation time as a measure of the mean velocity, 
Stewart found 1 1 to 24 per cent of the total blood m the lungs The 
average amount was 17 per cent 

On the basis of the data presented m this communication the 
estimated amount of blood m the lungs m man conforms so closely 
to the experimental results of Kuno and Stewart as to indicate that 
the pulmonary circulation time is an mdex of the mean tune of blood 
flow through the lungs 

The fact that the pulmonary circulation tune is such a close mdex 
of the mean tune consumed by blood flow through the lungs, also 
indicates that “strmgmg out” effects caused by vanations in the 
speed of blood flow through different pathways is not of great conse- 
quence m normal mdi\nduals, and that the different available path- 
V aj s through the lungs are approximately equal 
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in the formula they are used as an expression of conditions existing 
simultaneously The wide variation m the estimated quantity of 
blood in the lungs is, however, greater than the probable experimental 
error and suggests that the elasticity of the pulmonary tissue permits 
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On the basis of our data, and assuming that the total blood volume 
of man is one-thirteenth of the body weight, the percentage of the 
total blood m the lungs was calculated Wide variations were found 
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blood m the lungs was, as has been said, 21 per cent of the total 
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values obtamed though the results conform m general to those ob- 
served experimentally m animals G N Stewart (3) observed that 
when both sides of the heart were completely obstructed simultane- 
ously, the lungs m two animals contamed respectively 21 and 18 6 
per cent of the total blood volume Similarly, Kuno ( 7 ), studymg 
the heart lung preparation under vanous conditions found from 8 8 
to 19 4 per cent of the total blood m the lungs In animals, by usmg 
the pulmonary circulation time as a measure of the mean velocity, 
Stewart found 1 1 to 24 per cent of the total blood m the lungs The 
average amount was 17 per cent 

On the basis of the data presented m this communication the 
estimated amount of blood m the lungs m man conforms so closely 
to the experimental results of Kuno and Stewart as to indicate that 
the pulmonary circulation time is an mdex of the mean tune of blood 
flow through the lungs 

The fact that the pulmonary’' circulation tune is such a close mdex 
of the mean tune consumed by blood flow through the lungs, also 
indicates that “strmgmg out” effects caused by vanations in the 
speed of blood flow through different pathways is not of great conse- 
quence m normal mdi\nduals, and that the different available path- 

aj s through the lungs are approximately equal 
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CALCIUM EXCRETION IN NEPHROSIS 


tomatology Mason (14) reported similar results m a case of nephntis 
of the azotemic type In another communication (15) three cases 
of chrome nephrosis treated with parathyroid extract are reported 
from the chmeal viewpomt The present commumcation concerns 
some observations on the calaum metabolism of two of these cases 
A summary of the history of these patients is appended 

Case I I H , female, aged 4 Admitted m August, 1925, with general 
anasarca No history of previous infections, and apparently well until three 
days before admission, when edema first appeared m the feet, rapidly extending 
to mvolve the whole body 

Physical exanwiaiion ilarked general anasarca, tonsils enlarged, not in- 
flamed Smuses negative Heart not enlarged Blood pressure 106/78 Liver 
]ust palpable beneath costal margm Fundi normal Urme — albumm 15 grams 
per liter, granular casts, leucocytes Specific gravity 1014-1022 Blood non- 
protem nitrogen 25 mgm per 100 cc Total protem 5 05 per cent Albumm 
globulm ratio 13 2 Cholesterol 425 mgm per 100 cc Calcium 5 7 mgm 
per 100 cc Wassermarm negative Shght anemia 

At thfe time the present observations were made there had been no appreaable 
change in the general condibon for some six months m spite of various therapeutic 
procedures 

Case II R F , male, age 20 Admitted m September, 1926, with general 
anasarca Was imanare of an3' renal disease until September, 1925, when hfe 
msurance was refused because of albummuna No bistorj^ of infecbons except 
“Gnppe ” Edema began m February, 1926, and had been increasmg up to time 
of admission 

Physical cxamiuatton General anasarca, heart not enlarged Vessek not 
sclerosed Blood pressure 142/92 Fundi negative Unne — albumm 11 grams 
per hter, hjalme and granular casts Specific gravity varied from 1014-1018, 
nocturnal polj-una, specific gravity 1012 Urea concentration 1 48 per cent 
Factor 21 A (MacLean) Blood urea nitrogen 20 7 mgm per 100 cc Calaum 
8 7 mgm per 100 cc Blood protems 5 49 per cent Albumm globulm ratio 
1 2 Cholesterol 500 mgm per 100 cc Basal metabohe rate — 30A per cent 
Wassermarm negative 

GENERAL METHODS 

Each patient was supphed a weighed diet of general nature, the 
composition of which remained unchanged dunng the whole course 
of the expenmental penod In case I occasional portions of food 
not eaten at moal time were fed dunng the course of the day, in 
case n all the diet was eaten at meals Under these conditions the 
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tomatology Mason (14) reported similar results m a case of nephntis 
of the azotemic type In another communication (15) three cases 
of chrome nephrosis treated with parath)rroid extract are reported 
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some observations on the calaum metabolism of two of these cases 
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anasarca No history of previous infections, and apparently well until three 
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anasarca Was imanare of anj' renal disease until September, 1925, when hfe 
msurance was refused because of albummuna No history of infecbons except 
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per hter, hjahne and granular casts Specific gravity varied from 1014-1018, 
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8 7 mgm per 100 cc Blood protems 5 49 per cent Albumm globulm ratio 
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The unne was collected under toluol in 24-hour amounts starting 
at 6 a m , the completeness of collection was checked by daily creati- 
nme determinations In case 11 these values were practically con- 
stant, in case I, where the daily values did not check, the daily 
averages for each complete penod agreed closely This was appar- 
ently due to the fact that owing to incomplete emptymg of the bladder 
at the end of each 24-hour penod, the collections for these penods 
were mcomplete, however, when collections were extended over five 
days, this error became mimmized and a daily average was arnved at 
At the beginmng and end of each penod 0 3 gram carmine was 
given by mouth at 6 a m , and all stools from the first appearance^ of 
the dye up to the appearance of the second dose were collected and 
included m that penod The total resultmg stool was evaporated 
on a water bath, dned to constant weight m an oven at 100°C , 
ground to a fine powder, and thoroughly mixed, ahquot portions of 
this powder were taken for the vanous analyses 
Blood for calcium determination was drawn from the antecubital 
vems twelve hours after the adrmmstration of parathyroid extract, 
allowed to clot, and the serum separated as soon as possible by 
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CHEMICAL METHODS 

Calaum in the serum was estimated by Fiske’s modification of Kramer and 
Tisdall’s method (17) The calaum m the unne was detenmned on volumes of 
25 cc , evaporated to dryness, ashed m the muffle furnace at faint red heat, and 
made up to the ongmal volume m solution m 0 1 N HCl Ten cubic centimeters 
of this solution was measured mto a centnfuge tube, 4 cc of saturated solution 
of ammonium oxalate added, and the reaction then adjusted to the turmng pomt 
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The procedure v as then earned out as for the serum 

In the case of the stools, 1 gram of finelv powdered dned feces was ashed and 
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of this solution vas then detenmned as above 
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DISCUSSION 

The most sinking feature is the extremely small amount of calaum 
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and calaum lactate were given together, there was a definite increase 
approaching the minimum value found by Sherman (21) in normal 
children of similar age A hke effect, however, was not obtained 
in case 11, an adult 

In the low urmary excretion of calcium these subjects resemble the 
subject of Bergeun, Stewart and Hawk (23), who after thyroparathy- 
roidectomy, showed an average daily output of 9 3 mgm in the unne 
A similarly reduced excretion m children suffermg from nephntis and 
from nephrosis has been reported by Boyd, Courtney and MacLachlan 
(22), and m several nephntics, apparently in uremic states, by 
Halverson, Mohler, and Bergeun (5) 

In this connection the observations of Hetenyi and Nbgrddi (24) 
are of mterest These authors found that after the intravenous 
injection of calcium salts, the excretion m the unne of nephntic 
subjects was much less than m normal controls, their subjects, how- 
ever, like those of Halverson, appear to have been of the azotemic, 
rather than the nephrotic, type 

On the other hand, Hunter and Aub (19) have shown that in cases 
of lead poisonmg, with presumably normal renal function, there was 
a marked increase in the calaum excreted m the unne when para- 
thyroid extract was administered, the mcrease averaging 83 per cent 
above that of the control penod Greenwald and Gross (25) have 
demonstrated that dogs receivmg dady doses of parathyroid extract 
showed a marked inaease m calaum excretion, the greatest increase 
being m the unne, and to a lesser extent m the stool These vanous 
mvestigators used, over long penods of time, doses of approximately 
the same average size as those used m our subjects, and the increased 
excretion m the unne began almost simultaneously with the adminis- 
tration of parathyroid extract Our case I, a child weighing 17 kgm , 
including edema, received 50 umts of CoUip’s extract daily, actually 
a much larger dose per kilogram of body weight than that adminis- 
tered in the cases of lead poisonmg 

It would therefore seem probable that m these cases of nephrosis 
there is a definite impairment of the abihty of the kidney to excrete 
calcium, an impairment which is not overcome by the use of para- 
th} roid extract, even when the level of calaum in the blood is raised 
to the normal 
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the normal level of 10 2 mgm per cubic centimeter was reached after 
several days of parathyroid extract therapy, this was not mamtamed 
dunng the short course of calaum lactate alone which followed it, 
but when the extract was agam admmistered, along with the extra 
calamn lactate, the same normal level was reached, to fall agam with 
the discontinuance of aU therapy 

It IS possibly of significance that m both cases mcreases m the 
serum calaum were assoaated with mcreased excretion m the feces 

COMMENT 

In view of the recent studies of Aub and Bauer (26), who have shown 
that in myxedema the excretion of calcium is less than in the normal 
mdividual, whereas m hyperthyroid states it is greater, it is of mterest 
to note that m both of these patients the basal metabolic rate was 
much below normal (—20 to —30 per cent), a typical finding in 
nephrosis first pomted out by Epstem (27) It is possible that their 
low calcium excretion is due to a mechamsm similar to that actmg m 
the myxedema cases of Aub and Bauer (26) Unfortunately no 
studies of calcium excretion were made while these patients were 
under thyroid therapy 

On the other hand, the observations of Greenwald and Gross (28) 
have shown that, m dogs, after the removal of the parathyroid glands 
along with the thyroid, there is a marked decrease m the excretion 
of calaum, rendering easy the maintenance of a positive balance, 
a low serum calaum is also a marked feature When parathyroid 
extract is given, however, these animals agam resume a normal 
excretion 

Though no actual determination was made of the calaum in the 
diet, yet if it be estimated even approximately according to Sherman’s 
tables (16) it would appear that these patients with their low calaum 
exaction were always m positive calaum balance When the 
parathyroid extract was given, however, the excretion was mcreased, 
tending to decrease the positive balance The admmistration of 
moderately large doses of calaum lactate by mouth was more than 
suffiaent to balance the mcreased excretion produced by the 
parathjTOid extract 

It IS possible that it is a combmed thyroid and parathyroid in- 
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CHEMICAI. CHANGES IN NEPHRITIS 


glomerular nephntis with marked renal injury changes also occur as a 
result both of retention of aad (chiefly phosphoric and suLfunc, occa- 
sionally also hj'^dro chloric) and loss of plasma fixed base, dependent 
primarily upon the failure of the kidney to excrete acid neutrahzed by 
ammoma and secondarily upon a failure of the kidney to secrete urme 
of the normal maximum acidity, (3) that as total electrolyte dunmishes 
m the plasma, non-protem nitrogen mcreases so that the osmotic 
pressure remams normal, (4) that consequently, the alteration m the 
concentration and composition of plasma electrol}d;e and not the con- 
centration of non-protem mtrogen should be considered as the more 
important result of renal msufllaency 

The chermcal methods were the same as descnbed previously (2) 
In an attempt to calculate the equivalent osmolar concentration of the 
mdividual electrolytes and non-electrolyte crystalloids from their 
molar concentration, advantage was taken of the followmg facts and 
assumptions 

(1) Accordmg to Landolt and Bomstem (4), the molecular lowering 
of the freezmg pomt of NaCl is 3 45°C , which would make the osmolar 
concentration by volume 1 87 tunes the molar 

(2) Accordmg to the same authors, the molecular lowermg of the 
freezmg pomt of NaHCOj is 3 59°C which would make its osmolar 
concentration by volume 1 95 times the molar 

(3) The molecular lowermgs, accordmg to the same authors, of Nas- 
HPO 4 and NaH 2 P 04 are 5 0°C and 3 S9°C^ respectively If we assume 
that the ratio Na 2 lIP 04 /NaH.P 04 remams 4/1, the osmolar concen- 
tration by volume of the serum inorganic phosphate can be calculated 
by multipljung the concentration of morganic phosphate m mgm per 
cent b> the factor 1 02 

(4) The osmotic effect of the protem we considered as being equiva- 
lent to that of undissociated B-protein (calculated by Van Slyke’s (5) 
formula for human blood) 

(5) Lactic aad was considered as bemg present in the form of N'a 
lactate, with the same degree of dissoaation as NaCl Its osmolar 
concentration by \olume, therefore, would be 1 87 times its molar 

(6) The osmotic effect of non-protein mtrogen was assumed to be 
due entirely to urea and was calculated on the assumption that 70 
per cent of the non-protem nitrogen was urea mtrogen The remain- 
der was not taken into account 
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ACHTE HEMORRHAGIC NEPHRITIS 

Protocols 

Cases 1 to 16, inclusive These cases were typical uncomplicated cases of acute 
hemorrhagic nephntis, without uremia, marked edema, or marked vormtmg 

Case 17 Cletus B Age, 9 years This patient was admitted on hlay 12, 
1927 Three weeks previously edema was noted, which steadily mcreased He 
complamed of headache, nausea, vomited occasionally and durmg the mght 
before admission had two generalized convulsions MTien admitted he was qmte 
drowsj’- There was general anasarca His blood pressure was 187/100 mm Hg 
There was moderate fever and leucocytosis The mucous membrane of his nose 
was reddened, particularly over the left middle turbmate The tonsils were 
enlarged and red Frequent convulsions occurred durmg the first twenty-four 
hours, despite the free use of sedatives A verj' small amount of unne, containmg 
many red blood cells, leucocjles and casts was passed dunng this penod Two 
himdred fifty' cubic centimeters of 20 per cent glucose were given mtravenously, 
and there followed a very marked improvement Convulsions ceased, diuresis 
occurred, edema was rapidly lost, the unne cleared and on May 17 when the 
patient left the hospital there was only a faint albuminuna 

Case 18 Rose M Age, 14 years This patient had been w ell imtil about two 
weeks before hospital admission on March 28, 1928 She then became ill with 
fey er, cough and headache A week later edema of her face, feet and abdomen 
were noted This edema largely subsided after about four or five days Her 
unne was not exammed durmg that time On hlarch 27 three generalized convul- 
sions occurred, each lasting several mmutes li\Tien first seen at the hospital she 
was without edema, fever or other signs of acute infection, but much disonented 
Her blood pressure was 162/108 mm Hg Her unne showed considerable alburmn 
and many red blood ceUs, white blood cells and casts Two more generalized 
cony'ulsions occurred before blood was taken for chemical exammation One 
hundred fortj cubic centimeters of 1 per cent magnesium sulfate solution were 
then giyen intravenously, after which she became quiet and had no more convul- 
sions The blood pressure graduallv returned to normal by April 5 On April 
14 the unne was free from albumm and blood cells and showed but an occasional 
cast and the patient was discharged 

Case 19 Tom F Age, 5} ears Except for frequent colds, this patient was 
well imtil about October 8, 1926, when edema of the ejehds was noted A few 
davs later, the scrotum became edematous, and on October 20 he was adrmtted to 
the hospital He then had generalized edema and asates The unne contained a 
large amount of albumin and manj leucocj tes and red blood cells His tonsds 
and adenoids v ere hypertrophied and infected, pus was present m the nose and 
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davs later, the scrotum became edematous, and on October 20 he was adrmtted to 
the hospital He then had generalized edema and asates The unne contained a 
large amount of albumin and man> leucocj tes and red blood cells His tonsds 
and adenoids v ere hvpertrophied and infected, pus was present m the nose and 
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CHEMICAL CHANGES IN NEPHRITIS 


blood are shown in table 1 and chart 1 During the next five dai'S, there was 
irregular fever, the temperature fluctuating from 37°C to 39 3°C The leucocyte 
count rose from 10,800 on admission to 21,000 on April 14 Persistent vomitmg 
contmued On April 14, both antra were imgated, pus bemg washed out, and 
the left mastoid was opened, pus also bemg found From both the mastoid and 
the blood stream Streptococcus hcmolyticus was cultured Following mastoidec- 
tom\ vonutmg ceased immediately A marked skm eruption of the erythema 
multiforme tj^e appeared The patient’s condition steadily improved, despite 
the fact that the septicemia persisted until April 20 and that an abscess, probablv 
embolic, developed m the chest w'aU Following tonsillectomy and adenoidectomy 
on Alav 2 1 , fever and gross hematuna recurred, lasting for a week The maxiUarv 
antra were treated by repeated imgations The patient was then sent to the 
country department of the hospital for convalescence There her temperature 
became normal, her unne cleared completely, and she gamed 30 pounds in weight 
m 9 months 

Therapj directlv influencmg the composition of the blood studied w as as follow s 

On \pnl 12, after the first blood sample was ob tamed, 900 cc of Ringer’s solu- 
tion were given mtrapentoneallv, and 400 cc of 10 to 20 per cent glucose mtra- 
\enouslj After the second blood sample on the same day, 1500 cc of Rmger’s 
solution and 100 cc of glucose were given On Apnl 14, 400 cc of Rmger’s solu- 
tion were given intrapentoneally and 250 cc of glucose solution mtravenously 
On Apnl 15, 175 cc of blood, and on Apnl 21, 180 cc of blood were given 
intra\ enously 

Case 22 Luella R Age, 5 jears This patient was admitted on December 
3,1921 A. month previouslv, she had complamed of earache and baa lever A 
w cek before admission there w as a spontaneous rupture of one ear drum Hema- 
tuna and marked vomiUng were present for three davs before admission On 
admission, the patient was desiccated and had slight fever The unne contained 
gross blood, much albumm and manj casts The tonsils were large and ragged 
and the left ear was dischargmg pus through a good sized perforation With rest 
m bed and restneted diet, the general condition improved, the unne cleared, and 
on Apnl 22 the tonsils and adenoids were removed 

Case 23 Tommie M Age, 6 jears This patient had been well until he 
was mjured durmg a tornado m the latter part of September, 1927 He received 
man\ skm wounds, which later became infected About the first of November, 
blood was noted m his imne, shght fever was present and vomitmg became verj^ 
marked ■k week later, November 8, 1927, he was admitted to the hospital He 
was found to be undernourished and with sev'eral mfected skm wounds and manj 
scars of wounds ahead} healed The tonsils were ragged and red and there was 
considerable pus seen m his nose His unne showed gross blood and a large 
amount of albumm With rest m bed and restneted diet, his unne graduallj 
cleared and became negative on December 12, at vhich time he was discharged 
on a regular diet. 
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CHEMICAL CHANGES IN NEPHRITIS 


22 1 Glucose vaned. from 58 to 148 mgm per cent Total base 
vaned only from 140 to 149, averagmg 144 mM “Total” acid (Cl + 
HCO3 + protem + HP03 + lactic acid) vaned somewhat more, from 
134 to 148 mhl , averagmg 141 Undetermmed acid vaned from 
— 30 to 80, averagmg 2 7 mhl By freezmg pomt determmations, 
m five mstances the osmotic pressure averaged 310 mM , varymg 
between 280 and 337 The calculated osmotic pressure vaned from 
273 to 307, averagmg 291 mM , or 94 0 per cent of the average deter- 
mmed osmotic pressure, a normal relationship Non-protem nitro- 
gen vaned from 25 to 86 mgm per cent, averagmg 45 7 

Cases with acute uremic convulsions 

Case 17, whose blood was studied shortly after uremic convulsions 
had occurred, showed a marked “acidosis ” The BHCO 3 content 
was reduced by 11 mM and was almost exactly equalled by the 10 2 
mM mcrease m lactic aad The pH had dropped to 7 13 BCl 
was mcreased by 7 mM There was also hyperglycemia, the glucose 
content being 223 mgm per cent On the next day, with cessation 
of convulsions, there was noted an mcrease m BHCOs of 5 1 mM with 
a decrease of 8 1 mM lactic acid and 6 mM BCl As calculated, 
about 6 mM electrolyte had left the blood stream Diuresis had not 
yet begun, and edema was apparently mcreasmg dunng this penod 
The lactic acid “aadosis” m this mstance undoubtedly occurred as a 
result of the convulsions and anoxeima present at and before the time 
that the blood was studied 

Case 18 was a similar case and similarly showed decrease m BHCOs 
and mcrease in lactic aad An unusually high value for undeter- 
mined aad, 19 0 mM , was mdicated, however Total base m this 
mstance was unusually high, and may have been m error, and such a 
large quantity of undetermmed acid may not really have existed 

It is rather mterestmg to note that m Case 17 the non-protem nitro- 
gen dunng the acute uremic manifestations was but 43 3 mgm per 
cent, and m Case 18 but 29 mgm per cent 

Cases with marked ohgurta and edema 

Case 19, when admitted was at first mistaken for nephrosis Edema 
and albuminuna v, ere \ erj' marked, and there v as neither non-protem 
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CHEMICAL CHANGES IN NEPHRITIS 


as well as non-protein nitrogen was noted On November 29, how- 
ever, a few days after a decided diuresis with loss of edema fluid had 
begun, an mterestmg chemical picture was noted BHCO3 was still 
reduced, but BCl was decidedly higher than normal Total acid 
was slightly above the normal and non-protem nitrogen had dropped 
almost to the normal value A normal freezing pomt at this time 
was observed and agreed well with the calculated one 

Cases with marked voimting and dehydration 

Case 21 was admitted after two weeks of marked vomiting and one 
week of hematuna, the results of a hemolytic streptococcic mfection 
of one mastoid and both maxdlary antra Severe dehydration was 
present The blood picture on admission was extremely mterest- 
mg BCl was greatly reduced, bemg but 71 mM BHCOj was of a 
low normal concentration, 21 0 mlM The pH was 7 35 Protein 
concentration was 7 96 per cent, as compared with 5 24 per cent fol- 
lowmg restoration of a normal fluid balance, thus mdicatmg marked 
water loss from the plasma Inorganic phosphate was very much 
increased and calaum considerably decreased Total base was also 
considerably reduced, 127 mhl , and exceeded “total” acid by 7 0 mlM 
The undetermmed aads were presumably sulfunc and lactic The 
total electrolyte osmolar concentration as calculated was only 227 mM 
Non-protem nitrogen, however, was so elevated (250 mgm per cent) 
that the total osmolar concentration as calculated was 301 mM in 
veiy good agreement with the observed freezmg pomt mdicatmg a 
concentration of 308 nxM The admmistration of 900 cc of Ringer’s 
solution and 400 cc of 10 per cent glucose on the day of admission 
effected a considerable dilution of the plasma, judgmg from the fall 
of plasma protem from 7 96 to 7 03 per cent, but vomitmg persisted 
and BCl remamed low, while BHCO3 mcreased to 28 1 mlM Inor- 
ganic phosphate reached the enormous value of 24 5 mgm per cent, 
and calaum the low value of 3 6 mgm per cent The total electro- 
h tc osmolar concentration was little altered, bemg but 230 mM and 
the non-protem nitrogen remamed elevated As before, the freezmg 
point indicated a normal osmotic pressure (309 niM ) 

With further administration of Rmger’s solution, there occurred an 
increase m BCl to 810 m!M on Apnl 14 sufficient to raise the elec- 
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The composition of the blood serum in cases of sub acute and chronic glomerular nephritis 
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TABLE 2 

The composilion of the blood serum in cases of sub acute and chrome glomerular nephritis 
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TABLE Tr-Coniluicd 
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• Whole blood determined eicept where serum determinations are Indicated by postscript (s) 
( ) indicates assumed values. 

t N B The inorganic sulfate concentration of 10 0 mhl is included 

























TABLE 2— Concluded 


Remarks 

Very marked edema Blood pres 
sure elevated Urine pit 6-u 
Small amounts of ammonia, but 
considerable chloride 

No edema Blood pressure normal 
Unne pH 6+ Very little am 

monm but considerable chloride 

DHoraso psAJasqo 

mM 

Jll 

310 

328 

322 

307 

325 

324 

328 

340 

^nouiso 

mil 

297 

284 

283 

297 

298 

320 

297 

278 

295 

286 

291 

294 

pTOB p5intiiJ3i3pn£i 

is 

00 o 

pi3C 

p9maiJ3i3p jinox 

^ tOOtkO M •1»fOOOOO‘ 

asvq itnox 


.K JN 

c «•>•»»>« 

t-O 

r^to^««)ao 

.asoanio 


,pt5ti otjjiri 


to 

^ *n ^ r-ooo 

mV 5 0« 00 c^ — — © 

g-Oas^ - — - 

j oiutSjoai 

OO^^OC^ orooirskoo 

©oaow^s. © O«ooo^»oo^o 

tnaioJj 

per 

cent 

4 16 

3 31 

4 59 

4 16 

4 59 

7 85 

7 63 

8 06 

8 92 

6 98 

7 42 

7 20 

Rd 


juaiuoj too 

— Oo«o<^ O eo^in*ooo 

'gE.^V -^-fiOOOCOQ 

D':\ 

00^*000 »9 oo23©©©» 

wVi; tMfHootNO oo 

'O'Owi'O'O *n io»oio»o»o»o 

Date 

January 4, 1928 
January 6 1928 
January It, 1928 
January 2J 1928 
^cb^ua^y 10, 1928 

December 14, 1926 

January 7, 1928 
January 10, 1928 
January 12 1928 
January 16, 1928 
January 26 1928 
February 1, 1928 

o 

o 

O 

O 

4/ 

«* •“ y ■ »0 «■ VQ 

i-j t-* »n 

.2 ® o o 

^2: “ fe: “ Z 


144 


• Whole blood determined eicept where serum determinations are Indicated by postscript (s) 
( ) indicates assumed values. 

t N n The inorganic sulfate concentration of 10 0 mSI is included 
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CHEMICAI, CHANGES IN NEPHRITIS 


pH of appro^amately 6 5 and ^\ath but 2 to 3 mgm ammonia mtrogen per 100 cc 
A considerable amount of albuimn was present, and the sediment was composed 
chiefly of granular casts and white blood cells There were occasional hyahn 
casts The Mosenthal test showed fixation of the specific gravity between 1 001 
and 1 004 The concentration of non-protem nitrogen was never more than 240 
mgm percent The concentration of chlonde varied between 53 mgm and 99 5 
mgm per cent NaCl The phenolsulphonephthalem output was 19 per cent m 
2 hours 

Polydypsia remamed marked and all unne was as descnbed above Intra- 
muscular mjecUon of pituitnn had no effect on the concentration of the unne 
With a high caloric diet, largely milk, she gamed weight rapidly Because of the 
dimini shed CO 2 content of the blood (see table 2), large amounts of orange jmce, 
as an additional source of alkali, were given 

Case 32 Woodrow W Age, 9 years Diagnosis Acute hemorrhagic nephn- 
tis when first seen which progressed mto fatal chrome nephntis 

Case 33 Davis B Age, 13 years Findings were those of chronic nephritis 
wnth hypertension (blood pressure 210/160) and myocardial damage 

Case 34 Margaret Q Age, 12 years Diagnosis chronic nephntis with 
edema and hypertension 

Cases 35 and 36 These cases were male adults showing evidence of renal 
insuffiaency assoaated mth prostatic hypertrophy They are mcluded because 
of the rather complete blood data which we were able to obtam from them and 
because thej’’ seemed m many respects like the children itudied with marked renal 
insuffiaenci' 

Cases of suhaciilc and chrome glomerular nephntis 

WTien acute glomerular nephntis is not completely recovered from, 
fibrous tissue replacement of kidney substance mvolvmg chiefly the 
glomeruli results Autopsy of cases of severe chronic nephntis 
with evidence of marked renal msufl&ciency frequently shows very 
little normal secretmg tissue remaimng It is, therefore, natural to 
assume that the chemical blood picture of severe chrome nephntis is 
the result of inadequate unnary secretion It did not seem correct to 
us, however, to look upon non-protem mtrogen increase m the blood 
as conclusive e\adence of renal msuffiaency in cases of acute glomeru- 
lar nephntis, and the data from the followmg cases of subacute and 
chronic nephntis make us feel that non-protem nitrogen increase in 
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CHEMICAL CHANGES IN NEPHRITIS 


the blood has the same significance that it has m acute nephntis In 
subacute or chronic nephntis, exacerbation of mfection which provokes 
\omitmg, diarrhea, or edema may have the same marked effect m 
lowenng the electrolyte content of the blood and raismg the non-pro- 
tein nitrogen that it has in acute nephntis In the absence of acute 
infection, however, the same result may occur more gradually, because 
of faulty unnary secretion which permits electrolyte to be lost from 
the blood 

Results of acute tnfecHon in sub-acute or chronic nephritis 

WTien a severe exacerbation of mfection m the form of paranasal 
sinusitis and septicemia by a hemolytic streptococcus occurred m 
case 24, on Apnl 8, 1925, there followed a sudden appreciable reduc- 
non m concentration of serum chlonde and bicarbonate (table 2, 
chart 2) If our single determination was correct, protem also suffered 
a transient but marked fall m concentration ^ At the same time, 
edema appeared Even, m the absence of lactic aad and total base 
determinations, it seems certam that, as calculated, the osmotic 
pressure due to electrolyte suddenly chmimshed to a very marked 
degree, as calculated from 264 mM osmolar to 204 mM , a diminution 
of 22 8 per cent Coincident with the fall in BCl and BHCOj, non- 
protein mtrogen and phosphate increased m the blood, so that the 
total calculated osmolar concentration dropped somewhat less (17 
per cent) than that of the electrolyte alone On Apnl 14, although 
the osmolar concentration of electrolyte was stiff much reduced, the 
total theoretical osmolar concentration was shghtly higher than nor- 
mal, due largely to increase m non-protein nitrogen Edema had 
disappeared by this tune Durmg the next few days, when the total 
osmolar concentration exceeded shghtly the normal,- the reverse of 
edema, desiccation, was noted Gradually, however, electrolyte 

* The low plasma protem \ alue on Apnl 9th, however, is quesbonable, smee 
determmations a short time prewously and subsequently agreed veU with each 
other and were both considerabh higher than the \alue m quesbon 

- As m case 21, the theorebcal osmobc pressure was probabl> greater than the 
actual ^alue when the non-protem nitrogen reached a ver> high level In all 
probabiht\, the non-protem mtrogen did not overcompensate osmobcaUy for 
loss of electroh’te as much as our calculabon would mdicate 
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found to be the equivalent of 10 rruM univalent base We are in- 
clined to believe, therefore, that m other instances m which undeter- 
mined acid seemed unusually large, as for instance cases 26, 28, 30, 
and 36, sulfunc aad was in all probability chiefly responsible 
In different t>’pes of nephntis, Straub studied the blood from an 
acid-base viewpoint by determmmg mdividuaUy the base ions, Na, 
K , and Ca and the principle acid ions. Cl' and HCO 3 ' Hjs did not 
determine phosphonc, sulfunc, or lactic acid, and did not attempt to 
calculate the base-bmding capaaty of the protein He did, {however, 
besides determining the non-protem nitrogen, determine tlid actual 
freezing point and the electncal conductivity of the serum I^e fre- 
quently found, as did later Bulger and Peters and ourselves, cc^nsider- 
able vanations m Cl' and HCO 3 ' 10 ns, usually but not a>iways m 
opposite directions Total base (Na -f K -f Ca) he found ^sometunes 
normal, but occasionally below or above normal He also Occasion- 
ally found an unusual excess of “total” base over the sum of fcl' and 
HCO 3 ' 10 ns This difference m some cases he did not believe to 
phosphoric, sulfunc or proteic aad, but to some unknown pathological 
acid This type of substance, together with a theoretical non-elec- 
trolyte (not non-protein nitrogen) constituted whiyt he termed “mol-^ 
rest,” that is, the difference between the calcu^^*^ and the observedi 
osmotic pressure in milhmoles ^yod, \ 

Recalculating his most complete data as we 1^ Y^^lculated oiji^ 
V e find the difference between “total” aad and 1 ^ 4 , V'^iase no greater 
than indicated by our data, and very httle undetermuied osmotically 
active substances except in one case (no 7 on July 23, 1923) In 
this instance, the total base found was 61 mhl greater than the sum 
of the pnnapal normal acids (Cl' HCO 3 ' + protein') This is 
the only mstance in vhich there was such a marked discrepancy be- 
tween base and acid In this Case we should have expected very 
high values for phosphate and sulfate, together perhaps bindmg 25 
to 30 ulM univalent base In addition, if marked circulatory failure 
had existed (as it x ery v ell might so shortly before death) lactic acid 
might hax e accounted for 10 to 15 niM more base By accumula- 
tion of these three acids, therefore, 35 to 45 mM of the 61 might have- 
been accounted for In such an event, no ver}. great amount of 
unusual aad needs to ha\e been present If we calculate the total 
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ammonia for fixed base was noted, and cases 31, 32 and 36 also showed 
inability to practice base economy by excretmg urme of maximum 
aadit}’’ 

Such inability of the damaged kidney to practice base economy 
has been demonstrated experimentally by Begun and Munzer (11), 
Beckman (12) and Linder (13) in a more direct manner After 
hydrochlonc aad feeding m normal subjects and nephntics, a lesser ex- 
cretion of ammonia and a greater excretion of fixed base was demon- 
strated in the urme of nephntics In our case 28 there evidently had 
been severe renal msufficiency and “acidosis” for a considerable time 
and loss of the fixed base of the body seemed to have included also 
the calcium of the bones, produang a type of “renal” nckets 

The reason for the dimmution of serum BCl in the absence of 
vomiting and edema seems also to he m the faulty secretion of urme 
Although our data on this point is not quantitative, it suggests at 
least that when there is a tendency towards secretion of large quanti- 
ties of dilute unne, chlonde may be present in the urme m consider- 
able amount despite an abnormally low concentration m the serum 
This IS analagous to the chlonde loss accompanymg the polyuna of 
some cases of diabetes msipidus and diabetes melhtus It is not m- 
conceivable that such chlonde loss in the unne, though relatively 
little, might eventually deplete the body if the chlonde intake were 
restncted Because of the mabihty of the kidney to practice base 
economy, such loss of chlonde would also be attended by loss of 
fixed base 

It IS of particular mterest, however, that the osmotic pressure of 
the blood neither theoretically nor experimentally was found to be 
reduced, despite this reduction m BHCOs and BCl This was due to 
the fact that non-protem nitrogen was increased to a pomt sufficient 
to make up osmoticaUy for the loss of electrolyte from the blood 
This apparent compensation of a non-electrolyte for electrolyte in 
the maintenance of normal osmotic pressure m cases of chronic nephn- 
tis has also been noted in cases of marked vomitmg due to pylonc or 
intestmal obstruction (2), in which electrolytes have been lost from 
the bod} and non-protem nitrogen retained That such a mechanism 
may exist normal]} m some of the lower forms of life is suggested by 
the obserx ation of ^MacCaUum (14) that in the dogfish about one-third 
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(1) The concentrations of the pnncipal anions, Cl', HCO3', protein, 
HPO4" and lactate, and the actual pH were determined 

(2) Total base was determined directly, and from its value and 
the sum of the five prmapal acids detenmned the concentration of 
undetermined acid was obtamed 

(3) The prmapal non-electrolyte substances, non-protein nitrogen 
(urea) and glucose were determined 

(4) The freezing pomt of the serum was determined and from it 
the total osmolar concentration of the serum was calculated 

(5) A method of calculating the theoretical total osmolar concen- 
tration from the concentration of the pnncipal individual solutes, 
electrolyte and non-electrolyte, was developed 

In addition, the composition of the unne was studied to some ex- 
tent, and after correlation of the observed changes in the chemical 
composition of the blood serum and unne with the clinical symptoms 
and findmgs, it was concluded that 

(1) In acute hemorrhagic nephntis, marked changes in the chemical 
composition of the blood occur only when such symptoms as severe 
vomiting or diarrhea, edema or dehydration, or convulsions occur 

(2) ^^^len these changes mdude a reduction of the total electrolyte 
content of the blood serum, urea is found mcreased to such an extent 
that no reduction m osmotic pressure occurs 

(3) Such urea mcrease should be considered compensatory and not 
due to an inability of the kidney to excrete urea 

(4) In subacute and chrome glomerular nephntis, acute mfection 
causmg smular sjmiptoms results in similar changes 

(5) In the absence of such symptoms, however, much the same 
changes occur, but more gradually, as the result of faulty urinar}^ 
secretion v hich includes (a) failure to practice fixed base economy by 
substituting ammonia for the fixed base of the plasma salts when the 
acid radicals are excreted, and (b) a failure to secrete unne of normal 
maximum acidity, 1 e , free from BHCO3 and (c) a failure to retain BCl 
in the plasma, and (d) a failure to excrete sufficiently such acids as 
phosphonc and sulfunc 

16) The loss of plasma electrolyte due to such faulty unnar}’’ secre- 
tion 15 compensated for, osmotically, by retention of urea 
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HYPERCALCEJUA IN POLYCYTHEMIA 


METHOD OF STUDY 

Interest m this study was prompted by the clinical observation of 
what seemed to be an abnormal degree of calcification m the periph- 
eral artenes m older persons with polycythemia vera, as compared 
to that occumng m normal persons of like age 
Fourteen typical cases of polycythemia vera were studied from 
this viewpomt The spleen was enlarged m all The number of 
erythrocytes, both absolute and relative, was greatly mcreased 
The total blood volume, accordmg to the dye method- (11), was greatly 
increased, owmg to the absolute mcrease m the erythrocytes The 
patients were hospitahzed, three were given the low ionic diet of Keith, 
Snuth and Whelan (11), the others were given the general hospital 
diet Determinations were made m each case of the calcium content 
of the whole blood and serum before and followmg treatment with 
phenylhydrazme The sodium, potassium, magnesium, phosphate, 
and the sodium chlonde contents of the whole blood and serum were 
made m five cases before and after treatment with phenylhydrazme 
The hemoglobm was determmed by the method of Osgood and 
Haskms For serum sodium the method of Kramer and Tisdall (14), 
as modified by WTielan, was used For calcium and potassium (13), 
the methods of Tisdall and Kramer were used Magnesium was 
determined by the method of Bogert and Plass, which is a com- 
bination of Kramer and Tisdall’s (15) magnesium method and of 
Bnggs’ phosphorus method, sodium sulphite was added to brmg out 
the blue color, as directed by Bnggs In the whole blood a modifi- 
cation’ of the method of Kramer and Tisdall (16) was used for the 
direct quantitatiY’-e determination of sodium, potassium, calaum and 

* The hermatocnt determinatioiis were made by the dry oxalate method and a 
correction of 3 per cent m the cell volume was made for shrinkage 
’ Ten cubic centimeters of blood, accuratelj measured in a pipette, was lakcd 
wth about 25 cc of water m a 100 cc. \olumetnc flask From 10 to 15 cc of 20 
per cent tnchloracetic aad was added to complete thepreapitation of the proteins 
After the contents had been made up to volume with water, and filtered, 50 cc of 
the filtrate was evaporated to drjaiess The method of Kerr v as employed m the 
rcmo\ al of the tnchloracebc aad After the ahquot had been evaporated to drj - 
ness again, the residue was dissolved m 0 2 X hjdrochlonc aad, transferred to a 
10 cc V olumetnc flask and made up to v olume 
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HYPERCAXCEiHA IN POLYCYTHEMIA 


magnesium in small amounts of blood Smith’s method was used 
for chlonde determmations in serum and whole blood The serum 
protem was determmed by the refractometnc method 
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HYPERCALCEMIA IK POLACYTHEMIA 


the assumption that the increased calaum is related to an mcrease in 
he serum protein with vanation in the coUoid-calaum combmation 
In two cases studied, shght increases m the serum protems were found 
Studies have not been carried out m our cases to determine whether 
the diffusible or the nondiffusible fractions, or both, are mcreased 
Methods for the study of this question are bemg developed 

The most logical explanation for the hjqiercalcenua m this disease is 
that It IS related m some manner to the great mcrease m the absolute 
number of erythrocytes, smce a definite decrease m the calaum levels 
m the serum follow the reduction m the number of erythrocytes 
Apparently a relative increase m the ratio of corpuscles to plasma is 
not accompanied by an mcrease m the calaum, smce normal values 
were obtamed m a case of relative polycythemia vera due to dehydra- 
tion, m which there were 60 per cent of cells by the hematocnt The 
absence of an mcrease m the serum calaum m relative polycythenua 
vera is m accord with the work of Van Slyke He showed that change 
does not occur m the morganic ratios with vanations m the relative 
amount of cells or plasma, smce the concentration of the morgamc 
substances remams the same 

It could be assumed that the maeased concentration of calcium 
represents an effort to mamtam the normal morganic ratios in the 
blood Agamst this prenuse is the presence of mcreased values for 
serum calcium associated with normal values for serum potassium 
There is no explanation for the increase m serum potassium in the 
cases in uhich it is observed, smce it has been shown that this electro- 
lyte does not pass through the cell membrane 

The decrease m the percentage concentration of calaum following 
treatment is due to a deaease in the total calcium of the serum and to 
dilution from the maeased amount of plasma As an example (case 
2, table 3), the total serum calaum decreased 17 per cent, the actual 
plasma volume maeased 17 per cent, and the concentration of serum 
calaum decreased from 17 3 to 12 6 mgm (30 per cent) Approxi- 
matel} half of the percentage change in calaum was related to the 
V anation m the plasma Either the concentration of calaum in the 
tissue fluid was lov or an abnormal excretion of calaum occurred 
dunng hemol} sis Data regarding the exaction of calaum dunng 
the penod of blood destruction are lacking 
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HYPERCALCEiHA IN POLYCVTHEMIA 


SUMMARY AND CONCLUSIONS 

Fourteen subjects presenting tbe classic picture of polycythemia 
vera showed an mcrease m the serum calcium above the accepted range 
of normal The values in this substance ranged from 11 1 to 18 1 
mgm for each 100 cc of serum The average value was 14 3 mgm 

Following treatment with phenylhydrazme and destruction of 
corpuscles to approximately normal or even subnormal values, the 
percentage concentration of serum calcium decreased to levels slightly 
above normal 

The basis of the hypercalcemia is not known It may represent a 
compensator}’’ effort to mamtam the morgamc ratios of the blood 
Hypercalcemia in the human subject can be tolerated ■without grave 
disturbance to the organism The susceptibihty of patients with 
polycythemia vera to thrombosis and to high grades of calcificatibn in 
the penpheral vessels in some cases of polycytherma vera may be late 
results of hj’percalcemia ® 
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^ e ha\ e encountered three cases of mild polj cj themia \ era during the last 
three months with \olumes of blood, 128, 131 and 140 cc for each kdogram, 
with scrum calcium x-alues of 10 6, 10 4 and 11 A mgm respcctivclj These 
data mdicate that there are cases of mild degrees of poljcv themia vera m 
which h\'percalcemia is probabU not present at this stage 
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AXOXEMIA K PNETOIONIA 


these physiological constants at their normal levels shows that the 
respirator}'- function is, m fact, in fair working order This statement 
must, however, he quahfied, since the other chief function of the res- 
piration — the supply of ovgen to the tissues — is impaired No ac- 
tual measurement of the oxygen tension m the tissues has been made, 
nor of the tension m the artenal blood of pneumonia patients The 
oxj’gen content and capacity of the artenal blood is, however, readily 
measurable, and from these figures one can obtain an estimate of the 
efficiency of the respiratory mechanism 

It IS probably not inaccurate to say that almost every case of pneu- 
monia shows at some time a deficiency m the o\}'gen saturation of the 
artenal blood (2) The fact that there may be o-xygen want and still 
no carbon dioxide retention or shift in the neutrahty regulation of 
the blood is exphcable on ^e basis of the different physical properties 
of O 2 and CO; and the different manner m which they combine with 
hemoglobin This subject has been fuUy discussed by Haldane (3) 
Lundsgaard and ^^an Slyke (4) have attempted to analyze the van- 
ous factors which contnbute to the presence of cj’-anosis The ongin 
of c}'anosis in pneumoma, it seems safe to state, is respiratory' rather 
than circulatory It is, however, by no means clear why the blood is 
incompletely oxygenated in the lungs Several explanations have 
been offered for this, •\'iz , unequal expansion of the lungs (5) , rapid 
and shallow breathmg (6) , diminished lung volume (7) , intra-alveolar 
exudate fS), decreased oxj'gen diffusion resulting from toxic injury of 
ahcolar walls (9), passage of blood through unaerated channels in 
the lung (10) It has, moreover, been sho-wn experimentally that an 
increased rate of blood flow through the lungs maj' prevent the hemo- 
globin from taking up its normal load of oxygen (11) ^^^lether this 
last actual!} plays a role m pneumonia is, to be sure, doubtful, but 
there seems httle doubt that some or all of the other factors may com- 
bine to pre\ ent the complete reox}'genation of the blood in its passage 
tlirough the lungs Plausible as these explanations may be, the actual 
proof of their influence and the proper weighting of their importance 
remains difficult, if not impossible One can never know the true 
state of the parench}matous and vascular lesion in the lung at the 
time of the artenal ox}gen anal}'sis The relationship of these two 
must therefore remain a matter of inference and conjecture 
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there seems httle doubt that some or all of the other factors may com- 
bine to prei ent the complete reox}'genation of the blood in its passage 
tlirough the lungs Plausible as these explanations may be, the actual 
proof of their influence and the proper weighting of their importance 
remains difficult, if not impossible One can never know the true 
state of the parench}matous and vascular lesion in the lung at the 
time of the artenal ox}gen anal}'sis The relationship of these two 
must therefore remain a matter of inference and conjecture 
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(b) 

Fig 1 (a) PLEiinsMOGRAnnc Tracing froii Case 10, IMade ov the 

Foupth Da\ after Onset of Illn-ess, ( b ) Plethnsmo graphic Tracing 
FROii S\iiE Patient !Made during Con'nalescence, o\ Ti\ENTi-Firrn Day 
AFTEP Onset of Illntss 

The upper line vas dranTi bj the work-adder signal lever Interval between 
signal lever marlj equals 12 liters The lower line represents time m 2 second 
intcn als 
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AKOXEMIA IN PNEUMONIA 


The effect of oxygen inhalation on the respiratory rate and depth 

Three patients of the senes were studied both while breathing room 
air and agam with the pleth 3 '^smograph placed inside the o\gen 
chamber while the patients were permitted to inhale a 40 to 44 per 
cent oxygen mixture It was hoped to glean from this procedure fur- 
ther information as to the relative interdependence of rapid and shal- 
low breathing and anoxemia 

Case 14 J G , male, age 23 Hospital No 6357 Diagnosis Lobar pneu- 
monia, empyema, thoracotom\ 

Present illness For 2 da\ s the patient had complamed of pain m his left side 
and chills He was admitted on March 18, 1928 

PInsical examination Severe pam was obvious There was shght cj'anosis of 
nail beds and face The temperature was 105 4°r , pulse 132, respirations 60 
The leucotje count was 34,700 Evammation of the chest showed slight dulness 
o\ er angle of scapula Below this pomt breath sounds w ere suppressed 

X-ray examination DifEuse opaaty from left apex to base, most marked at 
base 

Bacteriological examination Group IV pneumococcus and hemohtic strepto- 
coccus w ere recovered from sputum Blood culture sterile 

Course Plethj smographic tracings were made before and dunng oxygen ad- 
ministration This was accomplished b}' placmg the plethvsmograph inside the 
oxxgen chamber Thc/rst pletinsmograpinc traang was made March 19, a dax 
after admission The temperature was then 103 2°F , pulse 128 The respirator) 
rate was 44, tidal air 255 cc , and mmute volume 11 20 hters The expiratorj- 
inspiraton ratio was 0 96 The arterial blood anahsis showed a percentage 
saturation of 81 7, with the oxxgen content and capaaty 16 15 and 19 79 xols 
per cent, respcctuel) -Mter these observations had been made the 0x3 gen 
concentration in the chamber was raised to 44 5 per cent Two hours later a 
second senes of plethx smographic observations were made The respirator) 
rate was now 46 7, tidal air 228 cc , and nunute vmlume 10 67 hters The ratio of 
expiration to inspiration was now 1 34 Artenal saturation had increased to 94 4 
per cent v ith an oxvgen content of 20 12 vols per cent and capaaty of 21 68 vols 
per cent 


Comment on case 14 

The result of putting the patient in the chamber was to raise the Oi 
content of the artenal blood approximatel) 4 vols per cent and to 
mcrease the per cent saturation from 817 to 94 4 Xo slowing or 
deepemng of respirations occurred It maj" be assumed that the 
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gen tension two-fold would, m a measure at least, relieve the condition 
In this instance we must assume that blood was circulating through 
unaerated portions of the lungs, and that this rather than rapid and 
shallow breathing was m the mam responsible for o\}"gen want 

Case 16 J , male, age 32 Hospital No 6414 Diagnosis Lobar pneu- 
monia, septicemia 

Present illness The patient had been sick for 3 da\ s, complaming of pain in 
the left chest, dulls, cough, and expectoration of blood tinged sputum He u as 
brought to the hospital on April 19, 1928 

Physical examination There was shght C 3 anosis of nail beds Temperature 
was 104°F , pulse 120, respirations 36 The leucocyte count w as 14,000 The 
chest signs showed, from spine of left scapula to base posteriori} there was dulness 
to flatness, voice and breath sounds mcreased except at very base where the} 
were dimmished, bronchial breathmg and occasional crepitant r&le at angle of 
left scapula, dulness and occasional sub-crepitant rale at the right base 

X-ray examination Opacity of area occupied bv left lower lobe, lower part of 
right upper lobe and right lower lobe 

Bacteriological examination Group IV pneumococcus was recovered from the 
sputum and blood 

Course On April 20 the patient was transferred to the oxygen chamber 
because he was growmg more cyanotic and his breathmg was becoming more 
difficult Before oxygen was administered a plcthysmographic record was made 
His temperature was then 102 8°F , pulse 112 The respiratory rate was 35, tidal 
air 376 cc , and mmute \ olume 13 18 hters The arterial blood oxygen content was 
18 05 xols per cent, with a capaat}' of 20 60 vols pier cent, the saturation bemg 
87 7 per cent 

Two and a half hours later, after the patient had been m an atmosphere of 39 5 
per cent oxxgen for 1§ hours, a second plelhysmograpliic tracing was made No 
significant change had occurred m an} of the measurements The respiratory 
rate was now 35 2, tidal air 372 cc , mmute -volume 13 08 hters The arterial 
o-yygen content and capaat} had risen respectively to 18 54 and 20 80 vols per 
cent The saturation was now 89 0 per cent In spite of this slight mcrease the 
patient’s color was obynoush better and he said he felt better 

The next da\ the patient became rapidl} worse and died on April 23 His 
blood culture was positive, there bemg more than 100 colonies to the cubic centi- 
meter of blood 


Comment on case 16 

The case is similar to the last one, a rapidlj fatal pneumonia which 
did not respond to oxv gen therapy either by a significant increase in 
the per cent saturation of artenal blood or by a slownng or deepening 
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tion, though it IS reasonable to behe\ e that in certain instances it may 
be an aggravating influence 

Hoiv much actual acceleration m rate irrespective of diminished 
depth has to do with madequate reoxj’-genation of blood in the lungs 
has not, heretofore, been considered The shortemng of the duration 
of the mspiratory and expiratory phases and the reduction in the 
e\pirator3’--inspiratory ratio was, m these patients, the rule dunng their 
acute illness The significance of this change is not clear We have 
the impression, however, that the relative duration of the respiratory 
phases is of importance from thepointofviewofpulmonary ventilation 

Relatively large values for the mmute volume of pulmonary ventila- 
tion are foimd almost without exception dunng the acute stage of 
pneumoma, and become smaller dunng convalescence This has 
been looked upon by some as of a compensatory nature If so, the 
compensation is obviously inadequate with respect to the aeration of 
the blood in the lungs 

With regard to the ntal capacity, its measurement is perhaps of 
not much significance except as an indication of pleuntic pain The 
functional residual air studied by Bmger and Brow (7) is of greater 
interest, and this we believe should be reinvestigated from the pomt of 
\new of anoxemia 


SUMMARY AND CONCLUSIONS 

1 By means of a specially designed body plethysmograph the res- 
pirator} movements have been studied m a group of patients suffenng 
from acute pneumoma 

2 The OX} gen content, capaaty and per cent saturation have also 
been measured 

3 Obser\ations ha\e been made during the acute stage of the 
disease dunng com alescence, after morphine administration and oxy- 
gen inhalation 

4 Rapid and shallow breathing, and anoxemia are commonly as- 
sociated phenomena 

5 Xo clear c\adence can be adduced, however, that the anoxemia 
vhich occurs m lobar pneumoma is the result of rapid and shalloiv 
brc'’ thing, though in some cases extremel} rapid and shallou breath- 
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9 Id to 11 03 liters Eoth patients were acn ill dhe first had two 
lobes inaohcd, and the second h.id three In neither were there ain 
signs of edema of the lungs In the second patient there seems to 
h.avc been a psychic element in the cxccssivelj rapid respirations, 
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eluded m the table We beheve that this delayed slowing of the rate 
IS in part at least due to the cumulative action of morphine 

We have also studied the efltect of caffeine on the respiratory move- 
ments and arterial saturation of one patient (number 7347) He was 
observed on 2 successive days while acutely lU On the first day 
he was given 240 mgm of caffeme sodium benzoate, and on the second 
day he was given 192 mgm of caffeine and 12 mgm of morphme 
After caffeme alone, his rate, tidal air, mmute volume, and per cent 
saturation mcreased, while the morphme and caffeine together re- 
sulted m a reduction in rate, but a slight increase m tidal air and per 
cent saturation The mmute volume on this occasion was smaller 
after the drug was given than before None of these changes was of 
suffiaent magmtude to attach much importance to them, but at least 
they are different from those observed after morphme alone That 
codeme m moderate amounts may have a detrimental effect on the 
respiratory center is suggested by case number 6213, whose respira- 
tory rate dropped to 14 and whose artenal saturation dropped to 40 
per cent after he had had 24 mgm of morphmemadditionto236mgm 
of codeme, which he tiad received during a penod of 32 days His 
breathmg was of the Cheyne-Stokes type, his lungs were filling with 
exudate, he rapidly passed into coma, and, had he not been imme- 
diately put mto the oxygen chamber, he would m aU probabfiity have 
died The next mormng, while breathmg a 40 per cent oxgen mix- 
ture, his artenal saturation was 90 3 per cent and his respiratory rate 
was 18 

II Effect of morphine on the oxygen saturation of the arterial blood 
In 16 patients out of 20 on whom oxygen analyses of the artenal blood 
were done before and after morphme, there was a drop m the artenal 
saturation The greatest drop was 21 3 per cent and the average drop 
was 5 per cent (table 1) Of the remammg 4 cases, 3 showed a shght 
nse m Oj saturation after morphme In one no analysis was made 
One of these 3 cases (number 6232) had severe pam, which was reheved 
by morphme His tidal air mcreased from 412 to 438 cc , though his 
mmute volume dropped from 13 35 to 10 96 hters Toother, case 
number 6262, was not acutely ill, and the third (case number 6347) 
was given caffeme with the morphme Moreover, m his case pam was 
reheved by morphme and his tidal aur mcreased 
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lungs breath sounds were bronchovesicular and niunerous rhonchi 
were heard She appeared cyanotic Blood culture was positive for 
Type n pneumococus She was transferred to the oxygen chamber 
on the day the morphine test was made The next day her artenal 
saturation was 93 2 per cent Five days later she died (3) In 
patient number 6439 the saturation fell from 92 1 to 80 8 per cent 
He had been acutely ill for 12 days Tubercle baciUi had been demon- 
started in his sputum Bbs temperature fluctuated from 101° to 
1 04°F The only umnvolved part of his lungs was the lower nght lobe, 
wluch was clear when the artenal punctures were done hfoist rdles 
were present throughout both lungs Figure 1, a and h, shows parts 
of his respiratory tracing before and after morphme adnunistration 
These 3 patients in whom morphine administration resulted m a 
defimte and perhaps senous unsaturation of the artenal blood were 
all extremely ill Moreover, they showed not only 'extensive lung 
involvement, but the presence of diffuse, moist rales It is to be 
noted that m none was anoxemia severe before morphme A fourth 
case already referred to is not included here, smce no artenal blood 
analysis was made before morphme After morphme mjection, how- 
ever, his saturation was only 40 per cent 

DISCUSSION 

In most cases of pneumoma the effect of morphme on the respirator}’’ 
movements and on the artenal oxygen saturation is slight Certainly 
the depression of respiration which follows morphme admmistration 
IS ordmanly not suffiaent to contramdicate its use The benefits 
which may accrue to the patient m the direction of rehef from pam, 
reduction of metabohsm, and sleep, undoubtedly outweigh the pos- 
sible ill effects of a shght reduction m pulmonary ventilation and 
mcrease of anoxerma 

Occasionally, however, morphme may so dimmish pulmonary ven- 
tilation as to result m senous oxygen want This is liable to occur in 
patients m whom the pulmonary mvolvement is extensive and is ac- 
compamed by diffuse moisture, and m patients who are already suffer- 
mg from severe oxygen want Because of the possibflity of this type 
of reaction to it, morphme must always be used ■mth caution and is 
best combmed ■with oxygen therapy 
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puncture introduced by Hurter (7) and Stadie (8) has been of the 
greatest service in putting this subject on a sound basis For routine 
chnical use, to be sure, such analyses are perhaps not necessary, the 
presence and disappearance of cyanosis being a fauly adequate giude 
But in attempting to discover the causes of anoxemia and to evaluate 
the proper place of oxygen inhalation as a therapeutic procediue, we 
should still be at sea without this test 

In spite of the wide use of oxygen m pneumoma, comparatively few 
figures have been pubhshed concermng the degree of artenal oxygen 
unsaturation which occurs m the disease or the changes m satiuation 
which follow oxygen therapy Our study presents the results of over 
300 artenal punctures and oxygen analyses made m 137 patients 
The paper is divided into two parts, the first deahng with frequency 
tables havmg to do ivith the distnbution of artenal oxygen satura- 
tions and a consideration of them in relation to the type of invadmg 
orgamsm, survival of patients, and the effect of oxygen inhalation 
The second part of the paper deals with a descnption of a few indi- 
vidual cases selected because of theu extreme anoxemia and because 
in several of them autopsies were performed and long findmgs observed 
not long after the oxygen analyses of the artenal blood were performed 

MATERIAL AND METHODS 

The patients studied were all admitted to the Hospital of The Rocke- 
feller Institute with the diagnosis of acute pneumoma The great 
majonty were pneumonias of the lobar type, though in a few the 
distnbution of the signs and the chnical history were that of broncho- 
pneumoma No selection was made m this senes with the exception 
that m general artenal bleedmgs were performed on the more senously 
lU and on those with the more mtense cj^anosis 

The blood was usually obtamed from the femoral artery with the 
techmque suggested by Fraser (9) No harm or mconvemence was 
ever found to come from this procedure in approximately 300 punc- 
tures One patient was bled rune times m 12 days without ill 
effect The blood was transferred from the syrmge to small tonom- 
eters, where it was oxalated and kept over mercury In most 
mstances duplicate analyses of oxygen content and capaaty were 
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vidual cases selected because of theu extreme anoxemia and because 
in several of them autopsies were performed and long findmgs observed 
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V 

MATERIAL AND METHODS 

The patients studied were all admitted to the Hospital of The Rocke- 
feller Institute with the diagnosis of acute pneumoma The great 
majonty were pneumonias of the lobar type, though in a few the 
distnbution of the signs and the chnical history were that of broncho- 
pneumoma No selection was made m this senes with the exception 
that m general artenal bleedmgs were performed on the more senously 
lU and on those with the more mtense c}'^anosis 
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techmque suggested by Fraser (9) No harm or mconvemence was 
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umform and that there are relatively more instances of low saturation 
m Type m cases may possibly be related to the character of the lesion 
produced by this orgamsm m which much moisture collects m the 
lung, but It is more probably a chance distnbution due to the small 
number of representatives of this group which the senes affords 
Stadie (8) observed in a senes of 33 pneumonia cases that there 
was only one case which recovered m which the artenal unsaturation 
of the blood was greater than 20 per cent It would be of Interest 
to know whether m a larger senes the degree of anoxemia and mor- 
tahty showed as close a correlation even though they may not be caus- 



Fig 2 Frequency Table Showing Distrlbution or Pee Cent Ocygen 
Saturation of Arterial Blood Arranged According to 
THE Type of Infecting Organism 

ally related Stadie’s patients suffered from pneumoma foUowmg 
influenza m which high death rate and pronoimced anoxemia were 
staking features From the present senes no statistical data of ex- 
actly this nature are available, smce many of our patients were treated 
m the oxygen chamber One can, however, consider mortahty m 
relation to the per cent saturation of the artenal blood dunng the acute 
stage of the disease, irrespective of any therapeusis such as serum 
a dm i ni stration or oxygen A frequency table of this sort has been 
constructed (fig 3) It appears that of the survivmg patients only 21 
out of 83, or approximately 25 per cent, had a saturation under 
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uniform and that there are relatively more instances of low saturation 
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to know whether m a larger senes the degree of anoxemia and mor- 
tahty showed as close a correlation even though they may not be caus- 



Fig 2 Frequency Table Showing DisiRiBunoN of Pee Cent Oxygen 
Saturation of Arterial Blood Arranged According to 
THE Type of Infecting Organism 

aUy related Stadie’s patients suffered from pneumoma foUowmg 
influenza m which high death rate and pronoimced anoxenua were 
staking features From the present senes no statistical data of ex- 
actly this nature are available, smce many of our patients were treated 
m the oxygen chamber One can, however, consider mortahty m 
relation to the per cent saturation of the artenal blood dunng the acute 
stage of the disease, irrespective of any therapeusis such as serum 
administration or oxygen A frequency table of this sort has been 
constructed (fig 3) It appears that of the survivmg patients only 21 
out of 83, or approximately 25 per cent, had a saturation under 




208 


ANOXEMIA AND OXYGEN IN PNEUMONIA 


reached this level (fig 5) The reasons why the more gravely lU 
patients fad to reach a normal artenal oxygen saturation when exposed 
to 40 per cent oxygen will be discussed in the consideration of indi- 
vidual patients m the second part of this paper 
In spite of the fact that fatal cases apparently less often reach a 
saturation of 90 per cent in the chamber than those which survive, 


ffe* t«nt co^rgen aaiurftUon of artenal blood 
Died 



Fig 4 Frequency Table Showing Comparison of Distribution of Arterial 
Oxygen Saturation in Fatal and Recovered Cases Not 
Treated by Type I Antipneumococcus Serum ' 
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Fig S Frequency Table Shomtng Distribution of Arterial Oxygen 
Saturation in Patients after Exposure to 40± Per Cent 
Oxygen Comparison of Fatal and Recovered Cases 


the per cent mcrease m artenal saturation of the two groups when 
tabulated on a frequency chart shows a similar distnbution for both 
(fig 6) The figure charted is the difference between the per cent 
saturation before and after admission to the chamber, expressed in 
terms of per cent of the value before admission Attention should 
be called to the fact that only one case of 48 survivmg (approximately 
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PART n 

Eight of 130 cases tabulated m figure 1 showed an oxygen saturation 
below 60 per cent A more detailed consideration of these cases will 
be profitable both from the pomt of view of mquinng mto the causes 
of anoxemia and of explaining why certam patients, when placed m the 
chamber, exhibit no mcrease m the per cent oxygen saturation of theur 
arterial blood 

Case 1 {Hospital No 5811 ) Lobar pnetimoma, septicemia {Pimmococcus 
Type IT) Died 

The patient was a male, aged 37, who entered the hospital after 2 days of acute 
illness On admission there was shght cyanosis and evidence of pneumomc con- 
sohdation of the upper two-thirds of the nght lung Three days later the patient’s 
condition became defimtely worse Cyanosis vas mtense and diffuse and the 
patient could be aroused only with difficulty The signs m the nght chest had 
extended to the base, where many medium and coarse riles could be heard 

The arterial blood v as only 39 4 per cent saturated with oxygen, the content 
and capacity bemg 5 94 and IS 06 vols per cent respectively At this time the 
patient was breathmg 30 to the mmute He i\as transferred to the oxj^gen 
chamber and kept m an atmosphere contammg 42 per cent oxygen until he died, 
approximately 16 hours later One and one-half hours after admission to the 
chamber the artenal 0^ content was 14 vols per cent, the capaaty 16 7 vols 
per cent and the per cent saturation 83 8 The respiratoiy rate at this time was 
36 Twelve hours before death blood culture showed 29 colomes of Type H 
pneumococcus per cubic centimeter of blood No permission for autopsy was 
granted 


Comment 

The sigmficant feature of this case is the mtense anoxemia commg 
on simultaneously with a spread to the nght lower lobe The fact 
that m this region there was only moderate dulness but many medium 
and coarse rdles appears to be of importance It is this type of 
freshly spread early lesion m the presence of a heavy blood mvasion 
which IS so frequently associated with mtense artenal anoxerma 

Case 2 {Hospital No 5418 ) Lobar pneumonia {Pneumococcus Type IT) 
Died 

The patient, a male, aged 56, entered the hospital on the second day of illness 
There was evidence of pneumomc consohdation m the right lower lobe, with 
coarse riles and a friction rub to be heard m the left scapular region The pa- 
tient’s condition gradually became worse Four days later both lungs were full 
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Case 4 {Hospital No 5413) Male, aged 52 Lobar pneumonia {Pneumococcus 
Type III) Died 

The patient came to the hospital on the third day of lUness There was marked 
diffuse cyanosis The artenal blood was 52 1 per cent saturated Signs of 
consohdation were confined to the lower nght back, where there were numerous 
moist rflles Musical rSles were scattered throughout the chest on both sides 
and expiration was prolonged 

The patient was transferred to the oxygen chamber, which was charged to 
41 5 per cent Oj Ti\elve hours later dyspnea and cyanosis i\ere unimproved 
Breathing was asthmatic Breath sounds were suppressed over the lower half of 
the nght chest m back, where there were dulness and fine rMes There was much 
mucus m the upper respiratory tract The O 2 content was now 12 45 and capaatv 
13 75 vols per cent The per cent saturation was therefore 90 6 The next 12 
hours brought a distinct change for the worse The patient’s face was purple 
and he was gasping for breath Loud tracheal rMes w ere present Examination 
of the chest was not satisfactory because of patient’s condition Blood culture 
showed 10 colomes of Pneumococcus T3T3e HI per cubic centimeter of blood The 
artenal blood had dropped to a saturation of 62 5 per cent, the content and capac- 
ity bemg 4 40 and 7 05 respectively 

At autopsy the left lung was found to be qmte normal and weighed 550 grams 
The nght lung, however, weighed over 2 kilograms On section all three lobes 
appeared to be equally consohdated The cut surface was firm, granular, dark 
reddish and qmte moist Frothj’’, bloody flmd exuded from the smaller bronchi 

Comment 

The first response to oxygen was a satisfactory one as far as the 
saturation of the artenal blood was concerned With increasing 
amount of moisture m the air spaces of the nght lung aeration of the 
blood was impeded and marked anoxemia occurred m spite of oxygen 
inhalation The autopsy findings provided a satisfactory explana- 
tion for this, there bemg an mvolvement of the entire nght lung which 
contained no air and much flmd 

Case 5 {Hospital No 5490 ) Female, aged 4S Lobar pneumonia {Pneu- 
mococcus Type I) Recovered 

Four days before admission the patient had a sudden shakmg chill On admis- 
sion she appeared to be very dl There was mtense cyanosis of the finger tips 
Signs of consohdation were present m the left lower lobe Blood culture showed 
3 colomes of Pneumococcus Type I per cubic centimeter The following day the 
patient’s condition was somewhat worse Blood culture was stdl positive She 
was very cyanotic Temperature was 103 4°F , pulse 130, respirations 38 The 
artenal saturation was 55 2 per cent, O 2 content 6 76 and O 2 capaaty 12 26 vols 
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to be only 48 9 per cent saturate O 2 content was 6 43 vols per cent, capacity 
13 15 The patient was transferred to the oxygen chamber and exposed to 41 5 
per cent O 2 The next mommg, 121 hours later, his temperature had dropped to 
98 8°F , pulse 88 and respirations 24 The oxygen saturation was now 86 1 per 
cent, O 2 content 9 62 and capaaty 11 IS vols per cent Only a trace of cyanosis 
remamed Two days later the patient was removed from the chamber He soon 
became shghtly cyanosed about the face and nail beds and did not look nearly 
so well as when m the chamber However, he made a steady recovery 

Comment 

This case is typical of the mfluenzal bronchopneumonias m which 
extreme oxygen want is a prominent feature with pulmonary signs 
characterized by widespread coarse rS,les rather than evidence ,of 
localized consohdation It is these patients for whom oxygen therapy 
IS especially useful The drop m temperature foUowmg admission to 
the chamber is, m the light of Boothby^s observations (5), perhaps 
more than a coincidence 

Case 7 {Hospital No 6213 ) Male, aged 49 Lobar pneumonia {Pneumo- 
coccus Type III) Recovered 

The patient was taken sick 3 days before he entered the hospital On admission 
on December 1, 1927, he showed only shght cyanosis of the hps and nail beds 
At this time the lung signs consisted of suppression of breath sounds and fnction 
rub m the right axilla, with dulness and almost completely suppressed breath 
sounds m the nght back, below the angle of the scapula Two days later cyanosis 
was shghtly mcreased and the physical signs suggested a spread to the upper lobe 
of the nght lung Numerous dry riles were now present X-ray showed opaaty 
throughout the nght upper lobe and parts of middle and lower lobes The next 
day the patient was obviously worse There had been a stdl further spread in 
the nght axdla Cough was very troublesome, and it was necessary to give codeine 
At 9 15 p m he was given 12 mgm of morphme Not long after the patient’s 
respiratory rate dropped to 10, cyanosis became mtense, and he developed Cheyne- 
Stokes breathmg His lungs were fillin g with flmd and he rapidly passed mto 
coma An artenal puncture showed the blood to be only 40 2 per cent saturated 
with oxygen, the content being 6 86 vols per cent and the capaaty 17 08 

He was humedly transferred to the oxygen chamber with immediately bene- 
ficial results The cyanosis almost completely disappeared, respirations became 
regular and mcreased m rate to 28 and there was a stiikmg improvement m the 
patient’s psyche Artenal blood drawn 12 hours after admission to the chamber 
showed an mcrease m saturation of 125 per cent The oxygen content was now 
10 59 vols per cent, the capaaty 11 74 vols pier cent and the per cent saturation 
90 3 This was true m spite of the fact that the physical signs showed a stdl fur- 
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DISCUSSION 

A statistical estimate of the therapeutic value of oxygen m pneu- 
monia would at present have kttle value The number of cases is far 
too small for such an analysis and the character of the matenal too 
complex We have had to content ourselves with the construction 
of simple frequency tables to study the per cent distnbution of the 
vanous grades of anoxemia There appears to be a positive correla- 
tion between anoxemia and mortality Moreover, the level of oxygen 
saturation m the artenal blood of a patient exposed to 40 per cent 
oxygen is of prognostic importance, since the survivors usually reach 
a level above 90 per cent, while the fatal cases do so far less often 

We have made no effort to give complete clmical reports on all 
our cases because the space available will not permit this Further- 
more, an analysis of this sort is extremely confusmg The patient’s 
condition alters so qmclJy m pneumonia that one can seldom be 
sure whether the changes observed after exposure to oxygen are de- 
termmed by this or are part of the normal vanations of the disease 
In general we may state that, aside from conspicuous improvement m 
color, the other changes usually encountered were shght dumnution 
m pulse and respiratory rate and improvement m the patient’s mental 
state These observations are m agreement with those observed by 
the authors already referred to Boothby’s recent findmg (5) of a 
reduction of fever followmg oxygen admimstration is of much mter- 
est That this has not been stnkmg on our cases may perhaps be 
accounted for by the fact that they were mostly lobar pneumomas 
seen as a rule on the third to fifth day of disease and not post-operative 
bronchopneumomas placed m a chamber shortly after the diagnosis 
was made 

In a small group of cases selected because of severe anoxemia 
(oxygen saturation below 60 per cent) we have considered the physical 
signs and autopsy findings m relation to the artenal oxygen saturation 
The presence of extensive, rapidly spreadmg pulmonary lesions with 
much moisture, exudate or transudate, appears to be common to this 
group In what manner this type of lesion bnngs about anoxemia we 
are not yet certam It is m part due to diminished lung volume, m 
part due to passage of blood through unaerated channels Such a 
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monic process characterized by much moisture m the lungs This 
we beheve to be the most important factor in the production of oxygen 
want 

The author expresses his gratitude to his former assoaates, Drs 
G R Brow, Douglas Boyd, R L Moore, J M Faulkner, R V 
Chnstie and J S Davis, Jr , for their cooperation and assistance m 
this work 
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definite decrease m the amount of toxin occurred after 90 hours The 
cutaneous reaction produced by 1 S T D could be completely neutral- 
ized “by mixmg the skin test dose with an equal amount of conva- 
lescent erysipelas serum, or with 0 001 cc of erysipelas antistrepto- 
coccic rabbit or donkey sera” (3) Eighteen patients with erysipelas 
gave positive reactions to 1 S T D of toxin on admission to the hospital 
and as the erysipelatous lesion cleared and convalescence was estab- 
lished the reactivity of the skin to a smular dose was lost This 
occurred from 5 to 38 days after the onginal test Durmg the acute 
stage of erj^sipelas when skm reactions were positive there was 
demonstrable in the patient’s serum a toxic substance which caused a 
local cutaneous reaction in normal susceptible individuals This 
reaction could be neutralized by immune or convalescent erysipelas 
serum A toxic substance occurred m large amounts m the urme 
With the disappearance of the cutaneous susceptibihty to the toxm, 
following recovery from the disease, the presence of antitoxm m the 
serum of patients was demonstrated by means of toxm neutralization 
tests m the skm of susceptible individuals Cross neutralization of 
the erysipelas toxm by scarlatinal antitoxm was not obtamed (3) 
Anti-erysipelas donkey or rabbit serum produced favorable thera- 
peutic results when given early m the disease The impression 
obtamed was that the serum was antitoxic m nature The amoimt of 
serum required was determined by the inoculation of 1 S T D of toxm 
into the skm of the patient simultaneously with the intramuscular or 
intravenous admimstration of the therapeutic serum A positive or 
negative reaction was considered to indicate incomplete or complete 
neutralization of the circulating toxm, respectively (4) In patients 
with recurrent attacks of erysipelas the presence of antitoxm m the 
blood and the msusceptibihty of the skm to the toxm were replaced 
after an interval by the return of skm sensitivity and the absence of 
antitoxm m the arculating blood Active immunization by means 
of the toxic filtrate was considered to be highly efficaaous m preventmg 
recurrences In the group of cases reported, immunization caused a 
decrease in the frequency of recurrences, induced a loss of skin reac- 
tivity and mcreased the neutralizing capaaty of the patient’s serum 
(5) In normal mdividuals tested, 21 per cent of 272 school children, 
ranging in age from 7 to 17 years, and 27 per cent of 135 hospital 
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sents three relatively distinct phases the early toxic phase, the se 
phase, and the late sequelae In its pathology and its clinical asp 
erysipelas would appear to sunulate more closely the septic than 
toxic phase of scarlet fever Like scarlet fever, of course, it maj 
followed by late sequelae 

Inabihty to correlate satisfactorily the experimental observation 
Birkhaug with the well estabhshed chnical phenomena of erysip 
has led to the present study Three aspects of the subject have 1 
investigated (1) the reactivity of the skin of erysipelas patient 
intracutaneous injections of ]51trates of erysipelas streptococa, (2) 
presence of a toxic substance in the blood of patients acutely lU -v 
erysipelas, and (3) the capacity of the serum of erysipelas patient 
neutralize the toxic action of culture filtrates 

SKIN REACTIVITY OE PYTTENTS YnTH ERYSIPELAS TO EILTRATES 
ERYSIPELAS STREPTOCOCCI 

The skin reactions to sterile filtrates from broth cultures of erysi 
las streptococa were studied m 30 patients with erysipelas at inten 
during the acute and convalescent stages of the disease With i 
exception the patients were all on the adult medical wards of the IS! 
Haven Hospital, their ages ranging from 13 to 70 years The filtra 
employed m most instances were prepared in our laboratory fr 
cultures of hemolytic streptococci cultivated duectly from the lesi< 
of typical cases of erysipelas For comparison a standards 
erysipelas toxin obtained from the Squibb Laboratones through 1 
courtesy of Dr J F Anderson was used in some of the cases 

Preparation and standardization of filtrates Flasks contaimng 2 
cc of 1 per cent defibnnated rabbit’s blood, buffered, meat infusi 
broth, pH 7 4 to 7 6, were inoculated with 2 5 cc of an 18 hour brc 
culture of erysipelas streptococa After incubation for 48 hours 
37°C the culture was passed through a Berkefeld filter, the filtm 
tested for stenhty and bottled The filtrates were standardized 
terms of skm test doses per cubic centimeter by injectmg 0 1 cc 
graded dilutions in the skin of the most reactive individual availab 
One-tenth cubic centimeter of that dilution tvhich caused a lo( 
erythema approximately 10 mm in diameter 24 hours after injectn 
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The results as charted demonstrate that 20 cases (Group I) showed 
on the first test durmg the active stage of the disease either no reaction 
or only a very shght degree of reactivity of somewhat doubtful 
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Chart 1 Skin Reactivity of Erysipelas Patients 
— = non-reactive, ± = reactive to 30 or 50 S T D , + = reactive to 10 S T D , 
± ± = reactive to3or5STD,++ >= reactive to 1 S T D The broken stag- 
gered lines mark the end of 7 and 15 day penods, respectively, after return of 
temperature to normal 

Significance, smce the 30 to 50 S T D required the use of a 1 10 dilu- 
tion of the filtrate They furthermore show that 10 cases (Group 11) 
possessed some degree of reactivity Of the patients in this group 2 
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relationship between the stage of the disease and the degree of sus- 
ceptibihty to the filtrate exhibited by the study as a whole 


DAY OF DISEASE 


GROUP 

I 


GROUP 

I 


GROUP 

jn 


Ip 

n 

s 

E 

S 

a 


B 

B 

1 

IE 

D 

I 

E 

Q 

1 

Q 

O 

1 



1 


Ii 

g 

jg 

B 

B 

jB 

B 

i 


bU 


iii 

■ 

ii 

■ 

■ 

SI 



■ 

Si 

■ 

■ 

■ 

■ 


■ 

■ 




■ 







■ 


mu' 

U 


1 

B 

■ 

■ 

[U 

■ 



1*^ 

■ 

■ 

■ 

rri 

UJ 

■ 


■ 





B 







• Ii 

Kf 


mu' 



m 

■ 

■ 

■ 

■ 

■ 



e 

■ 

■ 

■ 

■ 

■ 


1 














hi' 

El 


a 

■ 

■ 

■ 

ii: 

■ 




■ 

■ 

■ 

■ 

■ 


■ 














imi 

B 


E: 

■ 

■ 

‘di 

■ 

■ 




■ 

■ 

■ 

■ 

■ 


1 














iHil 

U 


■ 

E 

■ 

B 

■ 

■ 




■ 

■ 

El 

■ 

■ 


iii 














mm. 

f£] 


■ 

■ 

C 

■ 

■ 

■ 

U 



■ 

L 

■ 

■ 

■ 


■ 














HI 



■ 

■ 

n 

■ 

■ 

■ 

a 



B 

■ 

■ 

L 

■ 


■ 

















t±! 

■ 

■ 

■ 

■ 

■ 




■ 

■ 

1 


■ 


1 














Hi 

m 


■ 

■ 

m 

IM 

■ 

B 

■ 

Eii 



■ 

■ 

■ 

i 

■ 


■ 














HI 

no 


■ 

■ 

E 

■ 

■ 

E 

■ 



C 

■ 

■ 

■ 

■ 


■ 














'^H 

ni 


■ 

■ 

B 

■ 

■ 

■ 

B 



■ 

B 

■ 

■ 

Eli 


■ 














mm 

EQ 


■ 

■ 

■ 

■ 

■ 


■ 



■ 

■ 

■ 

■ 

3 


■ 














Hi 



■ 

■ 

“J 

■ 

■ 

■ 

w 



■ 

■ 

■ 

■ 

■ 
















HI 

Bl 


■ 

B 

■ 

■ 

■ 

B 

■ 



■ 

■ 

B 

■ 

■ 


■ 














HI 

Bl 


■ 

■ 

B 

■ 

■ 

■ 

B 



■ 

B 

■ 

■ 

■ 


■ 














Hi 

El 


■ 

S 

■ 

■ 

■ 

3 

■ 




■ 

■ 

■ 

■ 


■ 


1 












IH 

tm 


■ 

■ 

■ 

B 

■ 

m 

■ 



■ 

B 

■ 

■ 

■ 


■ 


i 












IHl 

lEl 


B 

■ 

■ 

■ 

B 

■ 

■ 



B 

■ 

B 

■ 

■ 


B 














fiM 

IQI 


■ 

■' 

■ 

■' 

E3 

■ 




3 

■' 

■ 


mI 


■' 













i 

mi 

la 


B 

■ 

■ 

B 

■ 

■ 

■ 



m 

■ 

B 

■ 

■ 


B 








1 






mi 

lEl 


■ 

a 

■ 

■ 

■ 

■ 

■ 



■ 

■ 



■1 


■' 

1 









1 


1 


Ea 

lEI 


■ 

■ 


■ 

■ 

■ 

■ 



■ 

■ 

■ 

E3 

■i 


■! 










1 


1 


IH 



■ 


■ 

■ 

■ 

■ 

■1 



■ 

B 

■ 

■' 

■1 


■ 

Bl 













mm 



■' 

iia 

■ 

■' 

Ei 

■ 

■! 



« 

■' 

a 

■! 

■1 


■I 

ai 













mi 

lEI 



3 

■ 

■ 

3 

■ 

■i 


B 

■ 

B 

■ 

■l 

■1 


■I 

Q 












1 

SEE 

li^' 

j 

■■■ 

■i 

U 

B 

■1 


a 

■ 

■1 

■' 

■! 

■1 


■1 


31 



■1 


■1 

■1 

31 



■1 

HI 


Chart 2 Relationship of Skin Reacttvity to Clinical Course of 

Erysipelas 

Case 1 Readmission of Case 13 Recurrence on 8th day of 24 hour’s dura- 
tion Case 13 Recurrences on the 20th -and 29th days both of which Jasted 
approximately 48 hours Case 29 Abscess developed about left ei'^e on 8th day 
and was mased on the 12th dav Case 30 On the 16th day patient had recur- 
rence over entire area previously involved and at that tune a blood culture yielded 
hemolytic streptococa The recurrence lasted 36 hours Case 19 Abscesses 
developed on arms beginning on the 7th day Hemolytic streptococcus septi- 
cemia developed on the 13th day Exitus on the 18th dav Case 20 Migrat- 
mg er 3 'sipelas with metntis, arthntis and septicemia comphcatmg pregnancy and 
the puerpenum Recovery on 42nd day 

In chart 2 the cases have been rearranged into three groups in order 
to bring out more clearly the relationship between the skin tests and 
the course of the disease In Group I are the 14 cases which showed 
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relationship between the stage of the disease and the degree of sus- 
ceptibihty to the filtrate exhibited by the study as a whole 
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Chart 2 Relationship of Skin Reacttvity to Clinical Course of 

Erysipelas 

Case 1 Readmission of Case 13 Recurrence on Sth day of 24 hour’s dura- 
tion Case 13 Recurrences on the 20th -and 29th days both of which Jasted 
approximately 48 hours Case 29 Abscess developed about left ej'^e on 8th day 
and was mased on the 12th day Case 30 On the 16th day patient had recur- 
rence over entire area previously involved and at that tune a blood culture yielded 
hemolytic streptococa The recurrence lasted 36 hours Case 19 Abscesses 
developed on arms begmmng on the 7th day Hemolytic streptococcus septi- 
cerma developed on the 13th day E-atus on the 18th dav Case 20 Migrat- 
mg er 3 'sipelas with metntis, arthntis and septicemia comphcatmg pregnancy and 
the puerpenum Recovery on 42nd day 

In chart 2 the cases have been rearranged into three groups in order 
to bring out more clearly the relationship between the skin tests and 
the course of the disease In Group I are the 14 cases which showed 
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patient 10 S T D of erysipelas streptococcus culture filtrate in a 
volume of 0 5 cc was added, so that 0 1 cc of the mixture contained 
1 S T D of the filtrate and 0 05 cc of serum With the last of the 
senes of sera from each patient an additional mixture of a comparable 
amount of the serum and of a heated filtrate was made The mixtures 
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N - COMPLETE NEUTRALIZATION 
p - PARTIAL NEUTRALIZATION 

0 - NO NEUTRALIZATION 

1 - REACTION GREATER THAN TOXIN CONTROL 


Chart 3 Neutrauzing Caracity of the Serum of Erysipeeas Patients 
Case numbers up to 27 agree mth those of charts 1 and 2 

were thoroughly shaken and heated at 37‘^C for one hour One- 
tenth cubic centimeter of each mixture was mjected into the skm 
of mdividuals reactive to 1 S T D of filtrate In addition 1 S T D 
of the filtrate alone was mjected at the same time for companson 
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patient 10 S T D of erysipelas streptococcus culture filtrate in a 
volume of 0 5 cc was added, so that 0 1 cc of the mixture contained 
1 S T D of the filtrate and 0 05 cc of serum With the last of the 
senes of sera from each patient an additional mixture of a comparable 
amount of the serum and of a heated filtrate was made The mixtures 
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N - COMPLETE NEUTRALIZATION 
p - PARTIAL NEUTRALIZATION 

0 - NO NEUTRALIZATION 

1 - REACTION GREATER THAN TOXIN CONTROL 


Chart 3 Neutralizing Caracity of the Serum of Erysipeeas Patients 
Case numbers up to 27 agree mth those of charts 1 and 2 

were thoroughly shaken and heated at 37‘^C for one hour One- 
tenth cubic centimeter of each mixture was mjected into the skm 
of mdividuals reactive to 1 S T D of filtrate In addition 1 S T D 
of the filtrate alone was mjected at the same time for companson 
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DISCUSSION 

The three important phenomena brought to hght m the precedmg 
observations, namely, the tendency for the cutaneous reactivity of 
erysipelas patients to become more marked durmg convalescence 
the absence of a demonstrable toxin m the circulatmg blood of patients 
m the acute stage of the disease, and the neutralization of erysipelas 
streptococcus culture filtrates by the serum of most patients m the 
acute phase of the disease with apparent loss of this power durmg 
convalescence, fail to support Birkhaug’s concept of erysipelas as a 
specific toxemia, recovery’- from which is due to the development of 
an antitoxic immumty 

The results of the skin tests suggest, rather, that an increasing 
sensitiveness or allergy to streptococcus products, presumably hber- 
ated at the site of the erysipelatous lesion, develops with the progress 
of the disease to convalescence and recovery The fairly defimte 
correlation between the rapidity with which skin reactivity developed 
and the chmcal course of the disease, as shown in chart 2, furthermore 
suggests that the development of tissue allergy may play at least a 
part, perhaps an important part, in the mechamsm of recovery from 
the infection That the skin reactions were neutrahzable not only in 
sensitive normal mdividuals but also in sensitive patients in the conva- 
lescent period, as proved to be -the case on a number of tests, is not 
surpnsmg, smce it has been shown by Dochez and Stevens (10) that 
the s kin reactions of rabbits rendered allergic to undiluted culture 
filtrates of erysipelas streptococa, are neutrahzable durmg the early 
phase of sensiti-vity 

The nega-tive results of the tests for toxin in the circulatmg blood 
early m the disease mdicate that a specific toxemia m the sense in 
which it has been sho-wn to occur in scarlet fever (9) , plays httle or no 
sigmficant part m erysipelas This view is further supported by the 
neutralization tests, in which it is shown that the majonty of adult 
patients with erysipelas already possess early m the disease suffiaent 
circulatmg antibody to neutralize 20 S T D of filtrate per cubic 
centimeter of blood The toxigemc activity of erysipelas strepto- 
coca, m most mstances relatively poorly developed as compared with 
that of most scarlatinal streptococa, is probably counteracted at the 
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DISCUSSION 
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coca, m most mstances relatively poorly developed as compared with 
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out above, that they do not stnctly parallel each other and that no 
simple relationship exists It is suggested that a satisfactory correla- 
tion may be estabhshed by recogmtion of the probabihty that three 
immunity states — antitoxic immumty, tissue allergy, and humoral 
allergy — are concerned and that the time of appearance of each m 
measureable amount is variable and mdependent of the others Such 
vanation m the rate and development of immumty states and then 
mutual mdependence is well recognized Besredka and Nakagawa 
(11) have stated that the cutaneous mechamsm of defense is not, m 
general, assoaated with cnculatmg antibodies Swift, Denck and 
Hitchcock (12) have found that focal infections mduce and mamtam 
cutaneous reactivity, which may be diminished or destroyed by intra- 


RECOVERY 



TA - TISSUE ALLERGY 
ATI - IMMEASURABLE ANTITOXIN 

Fig 1 Development of Immunity States in Erysipelas 
At the point at which the line H A crosses the line A T the neutralization of 
toxin IS obscured and the antitoxin becomes immeasurable 

venous mjections of the orgamsms concerned Gay and Rhodes (13) 
have reported that subcutaneous immunization may protect the skin 
agamst a lethal dose of the homologous orgamsm, but not protect 
against an mtravenous mjection of a similar dose, and, conversely, 
that mtravenous immunization may not protect agamst a lethal dose 
given subcutaneously 

If, then. It be assumed that the rate of development and degree of 
tissue allergy as measured by the skm tests, of antitoxic immumty as 
measured by the neutralization tests, and of humoral allergy as 
measured by the apparent loss of the neutralizing capaaty of the 
serum, are variable and mutually mdependent, any vanation m the 
results can be explained To do so m each case would be impossible 
withm the limits of this report The most frequent relationship and 
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EETECT OE ATEOPINE ON CAEDIAC OUTPUT 


The relations between systemic blood pressure and the cardiac 
output per minute and per beat is of mterest and the admmistration 
of atropme affords an opportunity to study these relations also The 
effect of atropme on systemic blood pressure has been studied bv 
Hams (5) m normal adults and by Sturgis, Weam and Tompkms (6) 
in patients with “effort syndrome " Hams observed that the sub- 
cutaneous mjection of 1 2 mgm of atropme was followed by a fall in 
systohc pressure and a decrease m the pulse pressure He mferred 
that the output of the heart was dimmished A similar decrease 
after a similar dose was found by Sturgis, Weam and Tompkms (6) 
m patients with effort syndrome 

Many studies have been made of the effect of atropme on the 
heart rate It is important to note that doses of different magmtude 
may have opposite effects on the heart rate As pomted out by Mc- 
Gmgan (7) small doses (0 4 to 0 6 mgm ) may decrease the rate or 
leave it unchanged while a dose of 1 2 mgm usually sufl&ces to mcrease 
it considerably 

METHODS 

Observations on the cardiac output, heart rate, metabohc rate, and systemic 
blood pressure were made before and after the mtravenous mjection of 1 2 mgm 
of atropme sulphate In a prelimmary experiment 2 4 mgm were mjected but 
this amount rendered the subject so restless and imcomfortable that the observa- 
tions were not comparable with those made before the mjection when the subject 
was qmet and at ease 

The output of the heart was measured by the method of Field, Bock, Gfldea and 
Lathrop (8) All observations were made m the mommg with the subject havmg 
had no food for at least 12 hours and after he had rested 30 to 45 mmutes m the 
reclinmg position, m which he remamed while the observations were made 
Each subject was trained m the necessary respiratory manoeuvers before the car- 
diac output was actually measured Then a prelimmary measurement was 
made and if the subject showed himself well tramed the complete experiment was 
earned out on the fpUowmg day The order of procedure was as follows first the 
samples of alveolar and “mixed venous” gases were collected, then the expired 
air was collected for a six min ute jienod, and finally the blood pressure was taken 
At short mtervals durmg these observations the pulse was counted These counts 
were averaged and the result is designated the “average pulse rate ” 

lATien this control observation was completed 1 2 mgm of atroprUe sulphate 
were given mtravenously and the observations immediately repeated, with the 
addition of several measurements of the blood pressure durmg the procedure 
A third senes of observations was made 1 to li hours after mjection of atropme 
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EFFECT OF ATROPINE ON CARDIAC OUTPUT 


TABLE 1 


The efecl of tnjecltng atroptne upon the pulse rate, respiratory quotient, metabolic rate, 
excretion of CO',, arteno-vemns difference, and cardiac output per minute and per beat 
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* 1 to 2 minutes before this time the subject received an mtra\ enous injection of 1 2 
mgm. atropme sulphate Immediately thereafter the detenrunation of the cardiac 
output was begun 
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TABLE 1 
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Aver ' 

Rcsplra 

Basal 

COtei 

A V 

Cardiac 

Cardiac 


age 

pulse 

rate 

toiy 

roeta 

creted 

output 

output 

1 

quo- 

tient 

bolic 

rate 

per 

minute 

cnce 


per 

beat 





cc 


cc 

CC 

Subject 1 (W G ) 








March 17, 8 30 a m 

72 

0 81 

-14 

181 

3 11 

5,820 

81 

March 18, 9 30 a m. 

67 

0 80 

-IS 

178 

3 15 


84 

March 18, 10 10 a m * 

110 

0 80 

-12 

185 

2 60 

DuEl 

65 

March 18, 11 20 a m. 

85 

0 83 

-17 

177 

2 52 

7,020 

83 

Subject 2 (F N ) 








!March 24, 8 30 a m. 

76 

0 76 

+2 

193 

3 61 

5,350 

70 

March 25, 8 45 a m. 

79 

0 79 

+0 

191 

3 96 

4,820 

61 

March 25, 9 42 a m.* 

112 

0 72 

-2 

179 

2 84 

6,300 

56 

March 25, 11 00 a m 

84 

0 76 

-8 

174 

2 88 

6,040 

72 

Subject 3 (T A ) 








March 31, 8 30 a m. 

65 

0 81 

-15 

182 

4 62 

3,940 

60 

April 1, 10 40 a m * 

93 

0 78 

-11 

186 

3 65 

5,100 

55 

Apnl 1, 11 48 a mu 

75 

0 79 

-14 

179 

3 32 

5,390 

72 

April 10, 8 30 a m. 

62 

0 89 

-15 

189 

4 37 

4,320 

70 

Subject 4 (M H) 








April 14, 8 30 a m. 

64 

0 83 

-13 

198 

5 01 

3,950 

62 

April 15, 8 15 a m. 

61 

0 84 

-12 

' 203 

5 02 

4,040 

66 

Apnl 15, 9 15 a m * 

91 

0 84 

-12 

199 

4 62 

4,300 

47 

Apnl 15, 10 36 a m. 

74 

0 82 

-14 

191 

3 72 

5,140 

69 

Subject 5 (C K ) 








Apnl 22, 8 30 a m. 

71 

0 84 

-19 

177 

4 10 

4,320 

61 

Apnl 23, 9 00 a m. 

65 

0 86 

-16 

185 

4 74 

3,900 

60 

Apnl 23, 10 19 a m.* 

115 

0 86 

-20 

176 

5 15 

3,420 

30 

Aprd 23, 11 50 a m. 

81 

0 84 

-25 

162 

5 06 

3,200 

40 

Subject 6 (C B ) 








May 6, 8 00 a m. 

63 

0 87 

-17 

173 

3 73 

4,650 

74 

May 6, 9 00 a m,* 

104 

0 76 

-14 

160 

2 90 

5,520 

53 

May 6, 10 20 a m. 

76 

0 74 

-21 

144 

3 27 

4,400 

58 

May 6, 11 50 a m. 

66 

0 77 

-15 

158 

3 45 

4,580 

69 


* 1 to 2 minutes before thi;; time the subject received an mtra\ enous mjection of 1 2 
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ErPECT OF ATROPINE ON CARDIAC OUTPUT 


The melaboltc rate 

No constant change m the metabohc rate was observed following the 
administration of atropme In fact, the average rates just before and 
just after injection were identical As is usual with trained subjects 
the basal rates are uniformly low The respiratory min ute volume 
increased on the average 4 per cent, which fits in with the absence of 
change m metabohc rate 


The blood pressure 

It IS realized that figures for the diastohc pressure are not accurate 
because of the difficulty of recognizmg the diastohc pomt by the usual 
cntena This difficulty we attempted to minimize by havmg all 


TABLE 2 

Percentage changes tn ptilse rale and cardiac output per minute and per beat following the 
injection of 1 Bmgni atropine sulphate intravenously 



Subject 

Aver 

age 

1 

2 

3 

4 

s 

6 

Pulse rate pet minute 

-1-57 

-145 

+46 

+45 

+ 69 

+65 

+56 

Cardiac output per minute 

■+■24 

+24 

+23 

+8 

-17 

+19 

+ 14 

Cardiac output per beat 

-22 

-15 

-15 

-27 

-51 

-28 

-26 


pressures taken with the same mercury manometer and by the same 
observer Even so, successive observations sometimes showed a 
stnkmg lack of agreement Our observations on the effect of atro- 
pine on the blood pressure are summarized m tables 3 and 4 
Table 3 shows the blood pressure readmg just before and for some 
twenty min utes after the administration of the drug, with simultane- 
ous pulse rates It emphasizes the st nkm g lack of correlation between 
heart rate and blood pressure m that the former may nearly double 
without change m the latter In two instances there was a defimte 
nse m both systohc and diastohc pressures 

Table 4 represents averages of aU the pulse pressure figures obtamed 
before and after mjectmg atropme No constant change was observed 
but the average pulse pressures before and after atropine are nearly 
identical The systohc pressures before givmg atropme vary from 
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EFFECT OF ATROPINE ON CARDIAC OUTPUT 


95 to 1 10 mm This range of pressure is that usually found in healthy 

young men under standard basal conditions 

DISCUSSION 

The admimstration of atropme, according to these observations, 
increases the rate of the heart relatively much more than the output 
of the heart per minute and thus produces a dimmution m the output 
of the heart per beat This fact emphasizes the importance of the 
filling of the heart in relation to its output, and thus the importance of 
the factors determinmg the venous pressure These factors mclude 
gravity, the aspiratmg action of the thorax and the contraction of the 
muscles of the body as well as the pumpmg force of ventncular systole 
Atropme has, of course, effects other than acceleration of the heart 


TABLE 4 

T1 1 pulse pressure (in mtlhmcters of mercury) before and after the tnlravenous tnjection of I 2 '' 
mgm atropine sulphate Each figure represents the average of several measurements 
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Before atropine 

31 

38 

28 
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35 

37 

34 5 

Immediately after atropme 

25 

44 

40 

34 

30 

33 

34 3 

1 to 2 hours after atropme 

30 

45 

27 

2S 

32 

30 

32 0 


These mclude accordmg to Cushny (9) a sedative action on many 
organs containing unstnped muscle, a decrease of most secretions, 
and a stimulation of the central nervous system, particularly the motor 
divisions of the bram These effects, particularly the last, which is 
presumably responsible for the restlessness sometimes observed m 
our experiments, may possibly affect the filhng of the heart and thus 
account for the small but defimte mcrease which was observed 
The oxygen consumption of the restmg human heart, accordmg to 
Bambndge (10) is about 12 5 cc per min ute This amount is approxi- 
mately 5 per cent of the total oxygen consumption of the body per 
mmute This bemg true small changes m the work of the heart can 
hardly be recognized by changes m the total oxygen consumption 
The unchangmg metabohe rate m these experiments cannot be taken 
as evidence that the work of the heart was not mcreased 

The absence of constant changes m the blood pressure levels mdi- 
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EFFECT OF ATROPINE ON CARDIAC OUTPUT 


95 to 1 10 mm This range of pressure is that usually found in healthy 
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DISCUSSION 
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filling of the heart in relation to its output, and thus the importance of 
the factors determining the venous pressure These factors include 
gravity, the aspiratrag action of the thorax and the contraction of the 
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TABLE 4 

Tie pulse pressure (in mtllmcters of mercury) before and after the intravenous injection of 1 2 
mgm atropme sulphate Each figure represents the average of several measurements 
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Aw- 


n 

2 

3 

4 

5 

6 

age 

Before atropme 

31 

38 

28 

38 

35 

37 

34 5 

Immediately after atropme 

25 

44 

40 

34 

30 

33 

34 3 

1 to 2 hours after atropme 

30 

45 

27 

28 

32 

30 

32 0 
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CARDIAC OUTPUT 


at u liour intervals on January 31, 1927 m which the vanation m the 
output of the heart was only 100 cc 
This general agreement constitutes not only a demonstration of 
the degree of perfection of physiological regulation but also impres- 


TABLE 1 

The output of the heart per minute and related figures 


Date 

Method 

Pulse rate 

Basal metabolic rate 

Respiratory quotient 

Oxygen per minute 

5 

e 

R 

u 

•v 

H 

•a 

a 

u 

Arterlo venous difference 
oxygen 

Arterio-venous difference 
carbon dioxide 

Output per beat 

Output per mmute 




ptT cent 

ncTiTiol 

1 


cc 

vd 

iimts 

per 

cent 

w/- 

umes 

per 

cent 

CC 

CC 

March 31, 1923 

Bunvell and 

67 




186 

6 44 


59 



Robinson 



■ 







Apnl 17, 1923 

Burwell and 

66 

-8 

0 85 

236 

Wgi! 

5 91 


Igi] 

3,940 


Robinson 










April 19, 1923 , 

BurweU and 

68 

-10 

0 81 

236 

191 

5 97 

4 48* 

58 

3,950 


Robmson 










June 2, 1923 

BurweU and 

72 

-10 


238 

186 

aiw 

4 69* 

55 

3,960 


Robmson 










March 13, 1924 

BurweU and 

66 

-8 

[i«a 

248 

193 

6 33 

4 94* 

57 



Robmson 










January 31, 1927 











8 30 a m 

Bock et al 

68 

-5 

w 1 

243 

197 

6 19* 

5 01 

58 


10 00 a m 

Bock et al 

68 

-4 

u 

247 

198 

6 46* 

5 17 

56 

SI 

11 30 a m , 

Bock et al 

68 

-4 

wu 

249 

199 

6 38* 

Sul 

m 


March 21, 1927 

Bock et al 

67 

-6 

n 

246 

194 

TmSBl 

4 97 

58 


June 14, 1927 

Bock et ak 

73 

-10 

liK 1 

232 

188 

i 43* 

3 59 

72 

5,240 

June 16, 1927 

Bock et al 

67 

-10 

0 81 

236 

191 

1 77* 

3 86 

74 


June 24, 1927 

Bock et al 

71 

-7 


243 

199 

5 16* 

4 23 

66 


February 10, 1928 

Bock et ak 

65 

-8 


192 6 38* 

5 29 

56 3,630 


* Calculated 


sive evidence of the agreement m this subject, of two qmte different 
methods of measurmg the output of the heart 
Why three successive measurements durmg ten days m June 
1927 should have given higher figures than any other of the thirteen 
IS not known The weather at this penod was warm but the tempera- 
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IS not known The weather at this period was warm but the tempera- 




















252 


CEREBROSPINAL FLUID IN MYXEDEMA 


normal level In this respect, it is similar to a slow change in the 
myxedematous condition of the tissues 
The change appears to persist as long as the metabolism is held at a 
normal level by the administration of thyroid extract 


TABLE 1 





Labora 

tory 

number 

Before administration 
of thyroid extract 

After administration 
of thyroid extract 

Case 

number 

Name 

Age 

Basal 

metabolic 

rate 

Concentra 
tlOQ of 
protem* 
m spinal 
fluid 

Basal 

metabolic 

rate 

CoDcen 
tration of 
protein* 
m spinal 
fluid 

1 

Mr J G 

S3 

4236 

cent of 
normal 

-26 

msm ter 
100 cc 

221 

per cent of 
normal 

-3 

mgm per 
100 cc 

49 

2 

Mrs J W 

SO 

4224 

-21 

129 

+2 

58 

3 

Mr H L 

21 

4302 

-34 

111 

+19 

30 

4 

Mrs M V L 

47 

3984 

-17 

93 

+23 

32 

5 

Mrs M B 

30 

4533 

-40 

80 

-12 

43 

6 

Mrs L C 

S3 

4532 

-46 

73 


32 

7 

Mrs E G 

48 

4671 

-43 

72 

-9 

36 

8 

Miss E MacD 

43 

4423 

-24 

72 

dbO 

44 

9 

Mrs G M 

33 

4434 

-27 

65 

+7 

27 

10 

Mrs A J 

33 

4681 

-28 

61 

-11 

34 

11 

Mrs M LeB 

43 

3532 

-24 

58 

+15 

41 

12 

Mrs M B 

57 

1836 

-24 

48 

-5 

24 

13 

Mrs A H 

48 

1807 

-22 

46 

+16 

27 

14 

Mrs M H 

3S 

4179 

-28 

38 

±8 

44 

IS 

Mrs D B 

51 

4339 

-25 

34 

+17 

21 

16 

Mrs M M 

53 

4651 

-29 

34 

+6 

22 

17 

Miss J W 

47 

2680 

-22 

28 

±0 

31 


The cell count was normal throughout 

In most of the cases each figure represents the average of two or more determmations 
made on different days 

*The determmations were made on the first 2 to 3, cc. of fluid removed from the 
lumbar region 


The protem content of the fluid obtamed after withdrawmg large 
quantities from the lumbar region (60 to 90 cc ), was much greater than 
IS found normally imder these conditions, and was sometimes only 
shghtly less than that of the first 2 cc removed This findmg mdi- 
cated that the protem content of cerebral flmd was greater than 
normal, a supposition that was supported by obtaimng cistern 
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93 
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43 
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S3 

4532 

-46 

73 


32 
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72 
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3S 
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-28 
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44 

IS 

Mrs D B 

51 

4339 

-25 

34 

+17 

21 

16 

Mrs M M 

53 

4651 

-29 

34 

+6 

22 

17 

Miss J W 

47 

2680 

-22 

28 

±0 

31 


The cell count was normal throughout 

In most of the cases each figure represents the average of two or more determmations 
made on different days 

*The determinations were made on the first 2 to 3, cc. of fluid removed from the 
lumbar region 


The protem content of the fimd obtamed after withdrawmg large 
quantities from the lumbar region (60 to 90 cc ), was much greater than 
IS found normally under these conditions, and was sometimes only 
shghtly less than that of the first 2 cc removed This findmg mdi- 
cated that the protem content of cerebral fimd was greater than 
normal, a supposition that was supported by obtammg cistern 
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CfiREBROSPINAI, FLUID IN MYXEDEMA 


J G (case 1) had myxedema or a bram tumor The latter diagnosis 
was seemingly corroborated by the findmg of a high pressure as well 
as a high concentration of protem m the spmal flmd His appearance 
was not charactenstic of the full blown picture of myxedema While 
the diagnosis was m doubt, similar spmal flmd findmgs were obtained 
for the first time m several cases of typical myxedema Thyroid 
extract was, therefore, administered to J G and produced a well 
marked reduction m the concentration of protem, as well as a chmcal 
cure 

The cause of the high protem concentration m the spmal flmd is 
uncertain It is possibly related m some way to the storage of mtrog- 
enous substances m m 3 rxedema (2) (3) It is of mterest that an 
albuminuria is frequently present m this disease (2) (4) (5) This 
usually disappears or decreases markedly when th 3 T 0 id is adminis- 
tered (5) The albummuna and the high spmal flmd protem content 
may be, m part, manifestations of the same pathological condition, > 
VIZ , an altered permeabihty of cell membranes throughout the body 

SUMMARY AND CONCLUSIONS 

The concentration of protem m the spmal flmd is high m most cases 
of myxedema, and usually drops to withm normal hrmts when thyroid 
extract is administered 

The high protem content both of cistern flmd and of flmd obtamed 
after withdrawmg large quantities from the lumbar region, mdicates 
that the protem content of cerebral flmd is also highdurmg the penod 
of myxedema This finding suggests that the flmd which comes 
through the choroid plexus may have a greater protem concentration 
than normal 

The knowledge that the concentration of protem m the spmal flmd 
IS usually high m myxedema is of diagnostic value m rare instances m 
which this disease may be confused with bram tumor and chrome 
nephritis 

We wish to thank Drs James B Ayer and Frank Fremont-Smith, 
whose mterest m this and related problems made it possible to com- 
bme the research facihties of the metabohsm and neurological labora- 
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PLASMA IN DIABETIC ACIDOSIS 


centration was compensated for osmotically by urea mcrease In 
severe cases of aadosis of this type alkali adnumstration seemed m- 
dicated and, together with salt administration, was at least partially 
effective m restormg the normal plasma electrolyte content and m 
promotmg urea excretion 

It is the object of this paper to present data obtamed by studying, 
m a similar way, the composition of the plasma m cases of severe 
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Case 1 - r(f(f/e 3 


Chast 1 The Osmolar Elecxsolyte and Non-Electrolyte Composition op 
THE Plasma in SEirERE Diabetic Acidosis, and Changes Taking Place as 
A Result of the Administration of Water, Insulin and Carbohydrate 


diabetic “aadosis,” and the changes which occurred dunng recovery, 
when treatment consisted pnnapaUy of administration of {a) tiisuhn 
and water, with and without carbohydrate, (b) msuhn, water, carbohy- 
drate and salt solutwn, and (c) msuhn, water, carbohydrate, salt 
solution and alkah From such a study it was hoped that a rough 
evaluation could be made, as far as their effect, at least, on the recov- 
ery of plasma BHCOa and pH is concerned, of oxtdahmi of organic 
acid, urinary excretion of chloride boimd to ammoma, and alkah 
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least a roughly quantitative fashion in the same manner that lactic 
acid was dete rmin ed i 
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Chart 3 The Osmolar Electrolyte and Non-ElectrOlyte Composition of 
THE Plasma in Severe Diabetic Acidosis, and Changes Taking Place 
AS A Result of the Administration of Water, Insulin, Carbohydrate, 
Salt Solution and Alkali 

In estimatmg the concentration of the total ketone aads, the sum 
of the prmapal normal aads (Cl' + HCOs' + protem' + HPOo" 

^ By titrating as rapidly as possible the bisulfite freed from, combmation ■with 
acetaldehyde and acetone, lactic aad and diacetic aad together were detenmned 
Lactic aad alone was then determined m the usual manner after prelumnary dis- 
tillation m aad solution of preformed acetone and diacetic aad, the distillate bemg 
caught in Scott-Wdson reagent and furnishing a rough check on the value obtained 
by titration difference 
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April 16, 1927 6 00 a m Insulm IS units subcutaneously 
Admission of Apnl 3, 1928 (table 3) 

April 3, 1928 

11 45 a m Insulin 40 units, mtravenously 
11 45 a m Insulm, 40 umts, subcutaneously 
11 45 a m 7 5 per cent glucose solution, 400 cc , mtravenously 
11 45 a m Rmger’s solution, 400 cc , mtravenously 

11 45 a m 5 per cent sodium bicarbonate solution 500 cc , mtravenously 

3 00 p m Insulin, SO umts, subcutaneously 

4 00 p m Rmger’s solution by Murphy dnp per rectum 
9 00 p m Insulin IS umts subcutaneously 

Apnl 4, 1928 

3 00 a m Insulm, IS imits, subcutaneously 
9 00 a m Meal P 20, F 50, CH 20 
9 00 a m Insulin 20 umts, subcutaneously 

12 30 p m Meal as above 

12 30 p m Insulm 15 umts subcutaneously 
6 00 p m Meal as above 
6 00 p m Insulin 15 umts, subcutaneously 
Apnl 5, 1928 Meals and miulin as on Apnl 4, 1928 
Admission of Jime 6, 1928 (table 3) 

June 6, 1928 

11 45 p m Insulm 50 umts mtravenously 

1 00 a m 500 cc 5 per cent Glucose solution contammg 12 5 grams 
NaHCOj and 15 umts insulm, mtravenously 

June 7, 1928 

1 30 a m Rmger’s solubon 400 cc mtravenously 
1 30 a m Insulin 20 umts subcutaneously 
9 00 a m Previous diet and insulm dosage resumed 

Case 2 Billie R This pabent developed symptoms of diabetes meUitus in 
January, 1924, when 8 years of age Durmg hospital admission m February, 1924, 
he was found to be a mdd diabebc, showmg no h 3 ^erglyceima on the usual diabe- 
bc diet without insulin After discharge from the hospital, dietary mdiscrebons 
were frequent, and gradually carbohydrate tolerance was lost, and daily msulm 
administrabon became necessary As punishment for one such lapse on June 
1, 1926, he was put to bed without supper or msulm The next mormng he com- 
plamed of abdommal pam, felt nauseated and vomited Because he would not 
eat breakfast, msulm was agam withheld Abdommal pam and nausea persisted, 
hyperpnea and drowsmess were noted and he was then brought to the hospital 
As m Case 1, leucocytosis of 40,000 without fever, was noted, and aU symptoms 
disappeared when recovery from aadosis occurred (table 2) 


/ 
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January 25, 1927 
9 00 a m 

3 25 pjn 


8 00 p m 
January 26, 1927 

2 00 a m 

9 00 a m 

9 30 a m 

10 45 a m 
12 45 p m 

11 00 p m 
January 27, 1927 


InsuUn 50 units mtravenously Rmger’s solution per rec- 
tum by Murphy dnp 

Insulm 35 umts subcutaneously Orange jmce 200 cc 4 
per cent glucose per rectum as Murphy dnp Orange juice 
200 cc 

Insulm 15 umts subcutaneously 

Insulm 15 umts subcutaneously 
5 per cent glucose 1000 cc mtravenously 
Insulm 50 units mtravenously 
Insulm 50 umts subcutaneously 
Insulm 50 imits subcutaneously 
Rmger’s solution 500 cc subcutaneously 


Insulm 125 umts subcutaneously 
Rmger’s solution 500 cc subcutaneously 
Regular diet 

January 28, 1927 Insulin 110 umts, subcutaneously, with full diet 


Case 5 Frances H Diabetic symptoms were first noted m December, 1923, 
when he was 9 years of age Shortly afterwards he was admitted Jo the hospital, 
where he was found normal except for moderately severe diabetes After a tem- 
porary improvement, his carbohvdrate tolerance agam diminished On March 1, 
1927, he was admitted with alkalosis, foUowmg too vigorous treatment with 
alkali and insulm administered by his family physiaan Proper diet and insulm 
routme were frequently mterrupted and he was admitted to the hospital agam on 
December 5, 1927, with moderately severe aadosis (table 1) Therapy was as 
follows 

December 5, 1927 

10^0 p m 10 per cent glucose 500 cc mtravenously Insulin 40 imits 
mtravenously 

11 00 pm Insulm 40 umts, subcutaneously 
December 6, 1927 Usual diet and insulm 

Case 6 James Y Diabetic symptoms were first noticed m June, 1926, when 
he was 13 years of age After hospital admission, he was found normal except 
for moderately severe diabetes and was given an adequate diet and insulin dosage 
He did well m the hospital and after discharge until he developed a respuatory 
infection, which resulted m severe aadosis on December 29, 1927 Therapy at 
that time was as follows 
December 29, 1927 

5 30 p m Insulm 35 umts subcutaneously 
9 00 p m 10 per cent glucose 250 cc mtravenously 
9 00 p m Insulm 13 umts, mtravenously 
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In the more severe cases, BHCO3 may be but 5 mM (corresponding 
to about 12 vols per cent CO2 content) and the pH may be 7 00 or 
less In most mstances, mcrease m ketone aads more than accoimts 
for such diminution of the bicarbonate ion In one case, however 
(Case 3, table 3) there was noted a 17 0 mM decrease in BHCOi 
with but an indicated 9 0 mM mcrease m ketone aad 

Of the remaimng aads, chlonde is most regularly affected Its 
concentration is always below normal, sometimes by as much as 20 
mM Occasionally lactic aad is significantly inaeased, as m Case 1 
on April 3, 1928 (table 3) Phosphonc aad concentration tends to 
be elevated shghtly, but such elevation is not significant from the 
standpoint of its base-bmdmg capaaty Inaease m protem concen- 
tration, although sometimes very marked, usually inaeases but httle 
the base bound to protem because of the fall m pH which accompames 
the plasma concentration 

From the osmolar viewpoint, we note a reduction m total electrolyte 
concentration, with an inaease m glucose concentration suffiaent to 
mamtam a normal or a high osmotic pressure The imtially highest 
observed total osmolar concentration as mdicated by the freezmg 
pomt depression was 394 mM and occurred in Case 1 on April 3, 
1928 (table 3) In this mstance the theoretical osmolar concentration 
was 354 mM , 84 pa cent of which was contnbuted by electrolyte 
The least depression of the free 2 ang point (309 mM ) was noted m 
case 1 on April 15, 1927 (table 2) In this mstance the theoretical 
osmolar concentration was 325 mM , electrolyte accountmg for 82 2 
per cent of it 

Recovery restdhng from the admmtstratwn of water, instilm and 

carbohydrate 

The results of therapy as mdicated above can be seen m table 1 and 
chart 1 ” The outstandmg feature is the rapid disappearance of blood 
sugar, frequentlv suffiaent, even despite carbohydrate admimstra- 
tion, to produce marked hypoglycemia, without the simultaneous 
return of BHCO3 to an}rwhae near its normal concentration Thus 
m CasQ 1 on September 16, 1927 ten hours after the begmnmg of 

* In constructing this chart, total base values, equivalent to the average found 
on other occasions, were assumed 
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ance with the Donnan pnnciple of ionic and osmotic equihbnum, as 
shown by Van Slyke and his co-workers (4) to occur, but also mto the 
fixed tissue cells, as suggested recently by Peters, returning to the 
plasma later as the hydrogen ion concentration of the cells diminished 

It IS of mterest to note, however, that ultimately chlonde aids m 
the recovery of plasma BHCQa In Case 1, for mstance, it may be 
noted that as BHCOj mcreased from 14 2 mM on September 17, 
1926 to 21 4 mM on September 21, 1926, BCl diminished from 90 0 
to 80 4 mM This diminution of plasma chlonde occurred after re- 
estabhshment of unnary secretion and dunng a tune m which the 
hydrogen ion concentration of the plasma was dimmishmg It seems / 
reasonable to assume, therefore, that when unnary secretion is re- 
established, BHCOa IS supported by excretion of ammomum chlonde 
mto the urme 

From such data as shown in table 1, therefore, we may conclude 
that administration only of water and msuhn, with or without carbo- 
hydrate, restores but very slowly the BHCOs of the plasma, and there- 
fore of the body flmds m general, the probable explanation bemg that 
as the hydrogen ion concentration of the fixed tissue cell decreases, the 
cell proteins claim base liberated from orgamc aad and chlonde, the 
latter shiftmg mto the plasma and claunmg base ongmaUy held by 
orgamc aad, which otherwise might have combmed with carbomc 
acid Later chlonde may be further shifted mto the urme, bound to 
ammoma and thus release base for combmation with carbomc aad 

With these pomts m min d, it should be of mterest to note whether 
or not salt solution admmistration along with msuhn, water, and 
carbohydrate, by causmg an earher and more mtensive seaetion of 
ammomum chlonde mto the urme causes a speedier restoration of 
plasma BHCOs 

The effect of salt admiinstration 

In Case 4 (table 2, chart 2) on January 24, 1927, dunng the first 
48 hours of treatment consistmg of administration of water, msuhn, 
carbohydrate and Rmger’s solution, “aadosis” actually became more 
marked, the plasma BHCOs falling from 12 9 to 5 9 mM Dunng 
this mterval, despite considerable msuhn, httle change m the blood 
sugar level was noted, and total orgamc aad concentration remamed 
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of ketone acid had occurred, BHCOs reached a high normal value, 
26 1 mM In addition to this rapid and complete rehef from aadosis, 
alkali administration had also the effect of diluting the plasma very 
rapidly, if we can judge from the refractometnc values of protein 

In Case 1, on June 6, 1928, extreme aadosis was present, BHCOs 
was but 3 0 mM and pH was less than 7 00 Despite immediate 
administration of msuhn mtravenously, no improvement was noted 
in two and one-half hours Alkah was then given, and there followed 
immediate climcal improvement and in seven and one-half hours 
plasma BHCOs was 22 9 mM and pH 7 43 

Similar almost perfect chemical restitution of the plasma m 12 to 
24 hours by means of combmed msulm and alkali therapy was noted 
earher in our experience (5) At that time, however, we were not as 
convmced as we are at present of the necessity of alkali m extreme 
cases of diabetic aadosis, and feared the development later of alkalo- 
sis It IS very doubtful whether moderate alkalosis does any more 
harm than moderate acidosis, and certainly extreme alkalosis has 
been observed m cases of pylonc stenosis (6) with httle m the way of 
alar min g symptoms Similarly marked maease m plasma BHCOs 
developed m Case 1 on April 4, 1928, after combmed msulm and alkah 
treatment without symptoms or apparent harm If tetany had oc- 
curred, we feel that it could easily have been controlled by mhalation 
of carbon dioxide and a dmini stration mtravenously of calcium chlo- 
ride We qmte agree, however, that marked alkalosis should be 
avoided if possible and critical study of those cases who received alkali 
and developed alkalosis is mdicated 

Such a study, indudmg observation of both blood and urme will be 
reserved for a later paper 

In the meantime, however, we feel that cases of diabetic aadosis 
as severe as the cases described m this paper will be greatly benefited 
if, m addition to the usual water, msulm, carbohydrate and salt ad- 
mmistration, alkah eqmvalent to one-fourth of that normally present 
in the body flmds is also a dmini stered For calculating such a dosage 
it IS assumed that the body flmd composes two-thirds of the body 
weight, and at its normal pH contains 3 0 grams of sodium bicarboate 
per hter 
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physiological handicap m the obese might better be stated by compar- 
mg the metabohsm of the obese woman, not with that of a normal 
person havmg the same surface, — a ventable giant — but with that of a 
person comparable to her m aU respects other than weight and surface 
Our basis of comparison is, therefore, the caloric requirements which 
she herself might have had if only she were of normal weight 

The data reported herem are m terms of the percentage of weight, 
surface, and calones-per-hour above the corresponding values for 
persons of the same age and height, but of ideal weight 

METHODS 

The observations reported here were made on eight obese women normal except 
for their excess weight They were bemg reduced by dietary measures alone 
over penods vaiymg from a few days to twenty weeks All of them were so 


TABLE 1 

Basal heat production tn the obese 



Number of 
cases 

Average 
calones per 
hour 

Average basal 
metabolic rate 

Means (4) 

10 

81 

per cent 

0 

Strouse and Wang (5) 

10 

74 

+1 

Present senes j 

7 

73 

-3 


mteUigent and rehable that theur adherence to the prescribed routme was not to 
be doubted In this senes, there were three completed cases, three only partly 
reduced and two cases which have been observed for less than one month All 
of these patients earned on their usual activities throughout the dietary penod 
The diet was calculated on the basis of 1 gram of protem and 25 calones per 
kilogram of ideal weight Utdizmg a FA/G ratio of 1 5, the grams of protem, 
carbohydrate, and fat were determmed From these figures, the menu was made 
up mcludmg the protem and carbohydrate and omittmg as much of the fat as 
possible This made possible diets with 600 to 650 calones total mtake which was 
eqmvalent to 6 calones per kilogram actual weight m some of the patients studied 
Basal metabohsm detenrunations were done at mtervals varjrmg from a few 
days to two weeks usmg standard tedmique The Tissot apparatus was used and 
gas samples were analyzed m dupheate 

The Current insurance tables were used as standards of ideal weight (16) 
Surface area was calculated from the Boothby-Sandiford loganthmic chart (17) 
A study of mtrogen balance m one patient of this senes showed that the diet 
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given kept her approxunately in nitrogen equihbnum This observation and 
investigations m another senes of cases ^to be reported later give reason to beheve 
that all the patients maintained an approximate mtrogen balance dunng the 
penod of dietmg 

OBSERVATIONS 

The data presented are based upon 70 observations, 53 of wbicb 
were made on tbe 5 cases wbicb are considered as “reduced ” Tbe 
figures sbowmg tbe status prior to dietmg are tbe lowest values 
obtamed before tbe diets began There is no evidence that tbe 
detenmnations were m any way unusual 
A summary of our data appears m table 2 Tbe averages of tbe 
imtial data represent observations on all 7 cases For companson 


TABLE 3 

Infiumcc of diet on calories per hour 


Case number 

Outset 

First month 

Second 

month 

Third month 

Fourth 

month 

Fifth month 

1 

69 

65 

63 

62 

53 

52 

2 

70 

68 

63 

64 

63 


3 

72 

75 

73 

76 

72 

69 

4 

74 

69 

64 

65 

62 

62 

S 

70 

66 

58 

60 



Average 

71 

66 

64 

65 

62 

61 


With the figures after reduction, the averages of tbe imtial values for 
tbe 5 reduced cases are tabulated separately The influence of weight 
reduction is shown m the second part of tbe table These figures 
descnbe tbe metabobc status of each patient on tbe day of her last 
examination after tbe designated penod of dietary restnction 
Tbe mfluence of dietary measures on the total calones per hour is 
mdicated m table 3 which shows tbe average values for all detenmna- 
tions made dunng the given months 
Eight observations have been made upon a woman 52 years of age 
who was only 25 per cent overweight at tbe outset Her surface 
was 11 per cent mcreased and tbe calones, 4 per cent above tbe 
ideal normal In 6 weeks, she was reduced to 7 per cent excess 
weight with correspondmg surface but no significant change m total 
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Relatively large weight changes amounting to 2 to 4 pounds a day 
are commonly met with m the obese This phenomenon is apparently 
explamed by the vanable capacity of fat deposits for water storage, 
a conception which is supported by Lauter’s (3) statement that the 
water content of human fat may vary from 8 to 70 per cent These 
large water shifts give nse to a plateau-and-step type of weight curve 
durmg reduction which has been mentioned by Newburgh (4) and 
others and which we have repeatedly observed We do not, however, 
feel that this factor materially influences our data 

That a loss of fat tissue rather than a shiftmg water balance is 
responsible for the observed weight change is suggested by the foUow- 
mg calculation “Gross” calories mgested are used mstead of “net” 
calories m view of the relatively small energy fraction supphed by food 
The average basal calones per hour (table 3) plus 20 per cent is used 
as a measure of the total energy requirement (Mason (7) ) Following 
the suggestion of DuBois (9) after Bozenraad, we estimate that 75 kgm 
of fatty tissue have 65 kgm of fat or 87 per cent fat 

Basal calones per hour = 65 

Basal calones per 24 hours = 1,560 

Daily energy requirement — basal plus 20 per cent = 1870 calones 


A\ erage calones m diet = 620 

1870 — 620 equals 1250 calones from fat 

1250/9 3 equals 134 grams of fat equals 134 X 75/65 or 155 grams of fatty tissue 
per day 

A% erage duration = 17 weeks or 119 days 


155 X 119 X 2 2 
1000 


equals 40 6 pounds 


Weight loss observed = 41 pounds 


On the basis mdicated above, we have, therefore, accounted for 
nearly all of the gross observed weight loss 


Surface changes 

The significance of numencal values for body surface and surface 
changes depends upon the rehabihty of the method of estimation 
We have used tables based upon the DuBois formula which seems to 
be generally credited as the best available approximation even for the 
obese (3, 4, 10) 
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Effect of weight reduction on energy exchange 

If an obese patient may have a basal calonc requirement 30 per cent 
m excess of normal, it becomes important to know what happens to 
this excess when the weight is reduced If the basal calones do not 
change, the reduced person will have a metabohsm comparable to that 
of a seriously toxic thyroid patient There is some evidence to 
mdicate that the production of thyrotoxic symptoms by simple 
dietary reduction is not an unpiossibihty (unpubhshed case) 

In reviewmg these data, the limits of normal variations m metabo- 
hsm must be kept mmmd Hams and Benedict (13) pubhshed data in 
1921 showing the extreme variations of metabohsm m a given person 


TABLE 4 

Excess of weight, surface and energy in the obese 



cases 


Weight 

Surface 

Total basal 
calones per hour 


Number o 

g. 

< 

Ideal 

Observed 

Excess 

Ideal 

Obsenred 

Excess 

Ideal 

Observed 

e 

(3 

Means 


37 


253 


1 69 

2 17 

prr 

cent 

28 

62 

81 

ftr 

cent 

30 

Strouse and Wang 


27 

125 

207 

66 

1 57 

1 95 

24 

59 

74 

25 

Present senes 

7 

37 

129 

238 

83 

1 59 


29 

58 

73 

26 


Over a penod of two years, a 14 per cent variation might be noted 
However, m a senes of cases studied from one to three months, the 
coefficients of vanation were around 4 per cent of the average metab- 
ohsm DuBois (9) t hinks that the variations m metabohsm are 
smaller than the possible errors of the determinations 
Aadosis causes an elevation m metabohsm Mason (7) and others 
have found no evidence of chmeal acidosis after the first few days of 
diet restnction m spite of the presence of acetone bodies m the urine 
This absence of chnical acidosis is m accord with our own expenence 
The average of our 5 cases shows a dunmution of basal energy 
requirements of 240 calories or 14 per cent of the mitial value 
Expressed m terms of the physiological status, these cases, which 
mitially were metabolising 23 per cent m excess of normal, have 
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•9 
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Can this conclusion in regard to weight reduction m the obese 
apply to loss of weight in a normal person? Is the physiological 
reaction the same? For answer one rmght refer to the well-known 
work on this question of Benedict (14) and his collaborators which is 
bnefly summarized below It is useful to distmgmsh three degrees of 
undemutntion, acute and chrome undemutntion, and starvation 
For comparison with our data one example of each t)q)e is taken from 
Benedict In tables 5 and 6, the figures for Squad A and B are taken 
from Lusk’s (15) review of Benedict’s work, and, m consequence, 
certam values differ very shghtly from the origmal data of Benedict 
In companng ours with those of Benedict, it must be emphasized 
that his cases were healthy active males while our patients were 


TABLE 6 

Rates of change of weight, surface and energy 


Group 1 

1 

Type 

Subject 

I 

Weight 

loss 

n 

Surface 

loss 

m 

Bual 

calories 

loss 

rv 

Ratio 

Calone loss 
Weight loss 

V 

Ratio 

Calone loss 
Surface loss 

I 

Acute 

Squad B 

per cent 

6 5 

per cent 

<1 0 

per cent 

32 0 

4 9 

32 0+ 

11 

Starvation 

Leveran 

17 0 

5 0 

30 0 

1 7 

6 0 

m 

Chronic 

Squad A 

8 5 

3 3 

19 0 

2 2 

5 9 

IV 

Obese 


18 0 

8 5 

14 0 

0 77 

1 6 


obese females They had at the outset physiologically normal basal 
metabohsm, while that of this series was elevated 23 per cent 

In regard to weight loss, none of the undemutntion cases approaches 
the magmtude of loss of our patients On a percentage basis, the 
starvation case lost a comparable amount 

Clmically, the response m the two groups was entirely different, 
the undernourished groups became less ambitious, less energetic, 
tried to conserve aU possible energy They were depressed, imtable, 
and unstable In contrast to this, the obese cases showed consistently 
more mitiative, had a desire to do thmgs, and felt m aU respects better 
than for years previously 

The physiological reaction is different m the different groups of 
cases The first two dropped 30 per cent of theu calories m three 
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very much less m proportion to limitation of diet and weight loss and 
IS only a return toward normal, never beyond, of an mitially elevated 
rate These observations, and the chmcal differences m the two 
groups of cases, permit the conclusion that our patients were not 
physiologically imdemounshed The obese, when on a hmited 
diet — ^with suffiaent protem — do not seem to require the protective 
depression of the energy exchange which Lusk descnbes m connection 
with the above groups of imdemounshed 

No difference m quality of reaction was noted m the response of the 
so-called “endocrme” obesity patients and the “over-eatmg” cases 
There appears to be a difference m quantity of reaction due, perhaps, 
to the tendency of the former type to approach the theoretical basal 
metabolism more rapidly m proportion to weight loss than m the 
second type The weight loss contmues m all cases to be directly 
proportional to the degree of deficiency of exogenous calones 

f 

CONCLUSIONS 

1 The energy exchange m the obese, when compared to what 
would be normal for them, if on proper weight, is mcreased 

2 This mcrease m energy exchange is of the same magmtude as the 
surface area mcrease beyond that normal for them 

3 When obese patients are reduced by dietary measures alone, 
the energy exchange dimimshes proportionally much more than the 
weight, or surface area 

4 In spite of this drop m basal calones the metabohsm never 
goes below hmits normal for proper weight 

5 This observation contrasts stnkmgly with the extreme energy 
economy m the mdividual of normal weight who i s reducmg by diet, 
as IS shown by a comparison with Benedict’s figures 

6 There is, therefore, no evidence of an energy economy m the 
obese 
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through glucose, which it has been shown requires insulin m its 
metabohsm It has been shown that if the tnose normally appears 
m the blood the amount must be exceedmgly mmute (5) , that, when 
admmistered, it disappears from the blood comcident with the appear- 
ance of extra glucose (6, 7), that it cures msuhn hypoglycerma (6), 
which only certam hexoses can do, that when admmistered to depan- 
creatized dogs on a fixed diet and msulm, the same amoimt of glucose 
is excreted m the unne as when glucose itself is fed (7) , that the fastmg 
depancreatized dog excretes the same amount of extra glucose as is 
equivalent to the weight of tnose fed (7) , that the respnatory quotient 
of a fastmg depancreatized dog is not affected by the adrmmstration 
of the tnose (7), and that m the eviscerated animal the dihydroxy- 
acetone does not cure the hypoglycerma nor disappear from the blood 
as does glucose but, m the absence of the liver, remains unchanged, 
and that most of the substance can be obtamed from the muscles as 
the unchanged tnose (9) 

These mvestigations, however, did not mdude any evidence as to 
the behavior of the total metabohsm of a fastmg normal dog when 
given glucose or dihydroxyacetone The protocols later presented are 
of interest m supplying this mformation imder experimental condi- 
tions, which have not been qmte duphcated m man and from which 
further deductions may be drawn These observations were under- 
taken m the penod November 1 to 16, 1926 From the December 
number of the Proceedmgs of the Society for Experimental Biology 
and Medicme we learned that Himwich, Rose and Malev (10) had 
presented a pre limin ary note on a somewhat similar experiment on 
December 15, 1926 Smce, so far as we know, no more extensive 
report by these authors has appeared m the past year it seems desirable 
to place these observations on record 

Himwich, Rose and Malev, usmg a tramed dog, mjected 10 grams of 
glucose or dihydroxyacetone dissolved m warm water subcutaneously 
and collected the expired air at short mtervals through a leakproof 
mask mto a spirometer whence samples were collected over mercury 
and analyzed by the Haldane-Henderson apparatus Prompt 
mcreases m the respiratory quotient occurred, the latter nsmg, m fact, 
over 1 0 m all experiments with dihydroxyacetone and m one case to 
131 In the glucose experiments the respiratory quotient mcreased. 
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total gaseous exchange m any one penod and, therefore, figures on 
heat production per hour have been omitted It should also he 
stated that the behavior of the annuals was very satisfactory The 


TABLE 1 


Penod 

Oj 

absorp- 

tion 

COi 

eHmina- 

tion 

RQ 

Oi 

per tgm 
hour 

Remarks 

November 1, 1926 

Dog A 

White wire-haired temer 

Weight 6120 grams Last 


previous feedmg October 30, 9 00 a m 


cc 

CC 


CC 


8 SS- 9 55 a m 

1 

4,566 

1 

3,485 

1 

0 76 

746 

! 

Qmet 

Very qmet 

9 55-10 55 a m 

4,192 

3,073 

0 733 

685 

Slight movements 

Very qmet 

11 05 a m 





Electnc power off 

11 50 a m 





25 grams glucose m ISO cc 






water 

12 15- 1 15 pm 

4,572 

3,719 

1 

1 

0 814 

747 

Very qmet 

Sitting up Qmet 

3 movements 

1 15- 2 15 p m 

4,150 

3,595 

0 866 

678 

Occasional movement 

2 IS- 3 15 p m 

3 644 

3 078 

0 845 

595 

Qmet 

Dog fed 4 00 p m 


November 3, 1926 Same dog Weight 6000 grams Last previous feeding 
November 1,4 00 p m 


8 35- 9 35 am 

4,563 

3,340 

0 732 

760 

Qmet 






Very quiet 

9 35-10 35 a m 

4,074 

3,144 

0 772 

679 

Very qmet 

10 45 a m ' 





25 grams dihydrosyace- 






tone 

11 10-12 10 pm 

4,032 

3,969 

0 984 

672 

Very quiet 

12 10-1 10 p m 

3,796 

3,001 

0 896 

633 

Very qmet 

1 10-2 10 p m 

3,745 

3,139 

0 838 

624 

Very qmet 

2 10- 3 10 p m. 

1 3,707 

2,943 

0 794 

618 



movement recorder, as well as visual observation of the animal, permits 
us to state that m no case was it responsible for any significant oxygen 
utdizatioA after the prehmmary control penod (not shown) wis com- 
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9 35-10 35 a m 

4,074 

3,144 

0 772 

679 

Very qmet 
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25 grams dihydrosyace- 






tone 

11 10-12 10 pm 

4,032 

3,969 

0 984 

672 

Very quiet 

12 10-1 10 p m 

3,796 

3,001 

0 896 

633 

Very quiet 
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3,745 

3,139 

0 838 

624 
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movement recorder, as well as visual observation of the animal, permits 
us to state that m no case was it responsible for any significant oxygen 
utdizatioA after the prehmmary control penod (not shown) wis com- 
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that it was receiving 20 grams of glucose m each experiment 
this animal seventeen control hours show an average oxygen consir 
tion per kilogram hour of 573 cc while the average oxygen consul 
tion per kilogram hour for the three hours foUowmg administral 
of glucose was 554 cc , a neghgible difference The animal, on c 


TABLE 3 


Penod 

o> 

abwrp- 

tion 

COi 

elimi&a 

tion 

RQ 

Oi 

per tgm 
hour 

Remarks 

November 4, 1926 

Dog B 

Wire haired temer Weight 6,200 grams Laa 


previous feeding November 2,4 00 p m. 


CC ' 

CC 

■■ 

CC. 


8 30- 9 30 a m 

4,159 

2,982 

BO 

591 

Moving occasionally 

9 30-10 30 am 

3,458 

2,676 

wgm 

495 

Qmet 

10 32 a m 



BN 


25 grams glucose 

10 45-11 IS a m 

2,373 

1,872 


746 

Fairly qmet 

11 15-lL 45 a m. 

2,091 

1,827 

KB 

674 

Qmet 

11 45-12 IS pm 

1,889 

1,740 

mm 

610 

Very qmet 

12 15-12 45 p m 

1,940 

1,715 

1 0 884 

626 

Very qmet 

12 45- 1 45 p m 


3,063 

0 796 

620 

Qmet 

1 45- 2 45 p m 


2,679 

0 775 

558 

Movements shght 

2 45- 3 45 p m 


2,554 

0 729 

565 

Qmet 


November 10, 1926 Same dog Weight 5960 grams Last previous feedmg 
November 8, a m 


8 25- 9 25 a m 

3,276 

2,768 


550 

6 movements, then qme 

9 25-10 25 a m. 

2,910 

2,267 


488 

Fairly qmet 

10 32 a m. 



mu 


25 grams dihydroxyi 




BN 


tone 

10 45-11 IS a m 

1,485 

1,628 

IB 

498 

Qmet 

11 15-11 45 a m 

1,833 

1,593 

mm 

616 

Movmg 

11 45-12 IS p m. 

1 903 

1 796 

0 944 

638 

Moving considerably 

12 15-12 45 p m 


1,412 

0 784 

604 

Qmet 

12 45- 1 45 p m. 

2,698 

2,137 

0 792 

453 

1 shght movement 

1 45- 2 45 p m 

3,122 

2,312 

0 741 

524 

Movmg 


tmued fastmg, it may be noted, shows the same tendency to reducti 
m oxygen consumption per kilogram hour with fall in body weight 
is noted m our two anunals on discontmuous fastmg It may also 
remarked that m none of these results is there anv evidence of speci 
dynamic action of glucose m the sense that the term is used m referen 
to pro terns It is true that there is a temporary rise m the oxygi 
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that it was receiving 20 grams of glucose m each experiment In 
this animal seventeen control hours show an average o^gen consump- 
tion per kilogram hour of 573 cc while the average oxygen consump- 
tion per kilogram hour for the three hours foUowmg administration 
of glucose was 554 cc , a neghgible difference The animal, on con- 


TABLE 3 



0> 

co. 


Oi 


Penod 

abwrp- 

tion 

flimiQa 

tion 

RQ 

per tgm 
hour 

Remarks 


November 4, 1926 Dog B Wire haired temer Weight 6,200 grams Last 
previous feedmg November 2,4 00 p m. 



u 

CC 

1 

CC. 


8 30- 9 30 a m 

4,159 

2,982 


591 

Moving occasionally 

9 30-10 30 ajn 

3,458 

2,676 

mmKm 

495 

Qmet 

10 32 a m 





25 grams glucose 

10 45-11 15 a m 

2,373 

1,872 


746 

Fairly qmet 

11 15-11 45 a m. 

2,091 

1,827 


674 

Qmet 

11 45-12 15 pm 

1,889 

1,740 

0 921 

610 

Very qmet 

12 15-12 45 p m 

1,940 

1,715 

0 884 

626 

Very qmet 

12 45- 1 45 p m 

3,847 

3,063 

0 796 

620 

Qmet 

1 45- 2 45 p m 

3,457 

2,679 

0 775 

558 

hlovements shght 

2 45- 3 45 p m 

3 503 

2,554 

0 729 

565 

Qmet 


November 10, 1926 Same dog Weight 5960 grams Last previous feedmg 
November 8, a m 


8 25- 9 25 a m 

3,276 

2,768 


550 

6 movements, then qmet 

9 25-10 25 a m. 

2,910 

2,267 


488 

Fairly qmet 

10 32 a m. 





25 grams dihydroxyace- 






tone 

10 45-11 15 am 

1,485 

1,628 


498 

Qmet 

11 15-11 45 a m 

1,833 

1,593 

0 869 

616 

Movmg 

11 45-12 15 p m. 

1 903 

1 796 

0 944 

638 

Movmg considerably 

12 15-12 45 p m 


1,412 

0 784 

604 

Qmet 

12 45- 1 45 p m. 

2,698 

2,137 

0 792 

453 

1 shght movement 

1 45— 2 45 p m 

3,122 

2,312 

0 741 

524 

Movmg 


tmued fastmg, it may be noted, shows the same tendency to reduction 
m oxygen consumption per kilogram hour with fall in body weight as 
is noted m our two animals on discontmuous fastmg It may also be 
remarked that m none of these results is there anv evidence of specific 
dynaimc action of glucose m the sense that the term is used m reference 
to protems It is true that there is a temporary rise m the oxygen 
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fasted throughout a test penod of three to five hours In the case of 
dihydroxyacetone the nse m oxygen consumption is sharper, some- 
times bemg apparent m the second half-hour p c , is distmct m the 
second hour, but falls m the later penods so that the average oxygen 
consumption per kilogram hour is 578 cc , approximately the same 
value as for glucose administration Mason’s results on normals, 
though obtamed by discontmuous determmations of ten mmutes per 


TABLE. 

Oj consumption, cubic cenltmeUrs per kilogram hour 


Animal 



Average 


Date 

First ! 
control 
hour 

Second 

control 

hoar 


1 

Glucose 

November 1 

746 

695 

November 16 

506 

516 

November 4 

591 

495 

November 15 

495 

480 


584 

546 




678 

595 


520 

542 

454 

618 

620 

558 

517 

553 

492 

608 

^ 602 

501 


2 Dihydroxyacetone tests 

A November 3 760 679 672 633 624 618 

A November 9 629 597 653 689 583 603 

B November 10 550 488 557 621 453 524 

B November 12 527 515 572 594 506 485 

Average 616 570 588 627 541 557 

a pertim 
hoar 


Average of 16 control penods 

Average of 15 post glucose penods 

Average of 16 post dihydroxyacetone penods 


579 

580 
578 


hour and, therefore, not entirely smtable for this calculation, when 
averaged show approximately 1 per cent mcreased oxygen consump- 
tion over basal values The amoimt of carbohydrate he calculates as 
bemg burned bears no more relation to dihydroxyacetone admmistra- 
tion than to the glucose, and the marked variations m mtrogen excre- 
tion m the different penods ably demonstrate the essential maccuracy 
of the so-called non-protein respiratory quotient m this type of 
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fasted througliout a test penod of three to five hours In the case of 
dihydroxyacetone the nse m oxygen consumption is sharper, some- 
times bemg apparent m the second half-hour p c , is distmct m the 
second hour, but falls m the later penods so that the average oxygen 
consumption per kilogram hour is 578 cc , approximately the same 
value as for glucose admmistration Mason’s results on normals, 
though obtamed by discontmuous determmations of ten mmutes per 


TABLE. 

Oa consumption, cubic cenltmelers per kilogram hour 


Animal 

Date 

First 

control 

hour 

Second 

control 

hoar 

First hour 

Second 

hour 

Third 

hour 

Fourth 

hour 



1 

Glucose tests 




A 

November 1 

746 

695 

■■ 

678 



A 

November 16 

506 

516 


520 


454 

B 

November 4 

591 

495 


618 

620 

558 

B 

November IS 

495 

480 

■■ 

517 

553 

492 

Average 

584 

546 

611 

608 

^ 602 

^ 501 


2 Dihydroxyacetone tests 


A 

A 

B 

B 

1 

November 3 
November 9 
November 10 
November 12 I 

760 

629 

550 

527 

679 

597 

488 

515 

672 

653 

557 

572 

633 

689 

621 

594 

624 

583 

453 

506 

618 

603 

524 

485 

Average 

616 

570 

588 

627 

541 

557 


a perkim 
hoar 


Average of 16 control penods 

Average of 15 post glucose penods 

Average of 16 post dihydrox 3 racetone penods 


hour and, therefore, not entirely smtable for this calculation, when 
averaged show approximately 1 per cent mcreased oxygen consump- 
tion over basal values The amoimt of carbohydrate he calculates as 
bemg burned bears no more relation to dihydroxyacetone admmistra- 
tion than to the glucose, and the marked variations m mtrogen excre- 
tion m the different penods ably demonstrate the essential maccuracy 
of the so-called non-protein respiratory quotient m this type of 
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independently of actual combustion of a food a dmin istered and we 
must, therefore, conclude that such temporary changes in oxygen 
consumption as may occur are probably associated with such mter- 
mediary processes, e g , formation of fat, work expended by the bver 
m transformmg the tnose mto glucose, kidney work, etc , or to another 
very important mechanism — the additional muscular work required m 
canymg on hjiperventilation 

While, as has been shown above, the total respiratory exchange is 
practically unchanged from the basal durmg the whole penod of 
observation there are changes m oxygen consumption durmg the 
mdividual test penods (table 5) These, however, do not necessarily 
correspond with the alterations m the so-called respiratory quotient 
In fact, as table 6 shows, the highest COa output occurs m the first 
half-hour or hour after tnose admmistration while the oxygen con- 
sumption (table 5) is greatest m the second hour The ratio of COa 
ehmmation to oxygen uptake (table 7) is consequently deadedly 
different from that occurrmg after glucose admmistration, m which 
case the nsem respiratory quotient is less abrupt and more prolonged 
Considenng the data m tables 1 to 4 together with that of other 
workers, one is struck by the frequency with which the so-called 
respiratory quotient exceeds 1 0 Even holdmg the view that the 
respiratory quotient is an expression of dynamic eqmhbnum m food 
stuffs transformed, burned or stored, such ratios cannot be explamed 
as due to combustion of carbohydrate alone but must mclude the 
formation of fat, and calculations of carbohydrate consumption based 
thereon must be m error Smce, however, the oxygen mtake is not 
decreased but the mitial nse m the CO 2 /O 2 ratio is due to additional 
CO 2 elimination, fat production does not appear to furmsh a probable 
explanation for the sequence of events While it appears inherently 
improbable that combustion would occur m isolated stages, it may be 
pomted out that the change from sugar to lactic aad is anaerobic and 
requires no oxygen and produces no CO* It would appear then that 
any additional energy expenditure is required for some other purpose 
and that such expenditure is accompamed by CO 2 production m the 
absence of o^gen or that hyperventilation is the cause of the excess 
CO 2 production, or that both these processes take place m diffenng 
proportions It is agam significant that the total oxygen mtake after 
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independently of actual combustion of a food a dmin istered and we 
must, therefore, conclude that such temporary changes in oxygen 
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mediary processes, e g , formation of fat, work expended by the bver 
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observation there are changes m oxygen consumption durmg the 
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correspond with the alterations m the so-called respiratory quotient 
In fact, as table 6 shows, the highest COa output occurs m the first 
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sumption (table 5) is greatest m the second hour The ratio of COa 
ehmmation to oxygen uptake (table 7) is consequently deadedly 
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formation of fat, and calculations of carbohydrate consumption based 
thereon must be m error Smce, however, the oxygen mtake is not 
decreased but the mitial nse m the CO 2 /O 2 ratio is due to additional 
CO 2 elimination, fat production does not appear to furnish a probable 
explanation for the sequence of events While it appears inherently 
improbable that combustion would occur m isolated stages, it may be 
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Examination of the data (1, 2, 4, 5) mdicates that hyperventilation 
has taken place and a cause for this is of mterest Increased oxygen 
consumption occurring later can then be explamed on the basis of 

TABLE 1 


Dihydroxyacelone tolerance tests 


Case ^ 

Time 

Blood glucose 

Blood 

dihydroxy 

acetone 

Blood 
lactic aad 

COi combining 
power 



meta per uni 

mtm per unt 

mlm per cent 

volumes per cent 

1 

Fasting 

85 

0 

18 

58* 


30 minutes 

90 

17 5 

50 

52 


1 tour 

90 

15 8 

40 

60 


2 hours 

95 

13 2 

26 

59 


3 hours 

95 

8 8 

23 

62 

2 

Fastmg 

100 

0 

17 

64 


30 mmutes 

120 

13 2 

24 

56 


1 hour 

135 

8 8 

21 

52 


2 hours 

100 

8 8 

18 

61 


3 hours 

80 

4 4 

11 

63 

3 

Fastmg 

80 

0 

11 

67 


30 mmutes 

110 

45 S 

31 

60 


1 hour 

85 1 

28 0 

26 

63 


2 hours 

65 

8 8 

19 

67 


3 hours 

85 

4 4 

9 

67 

4 

Fastmg 

95 

0 

21 

64 


30 mmutes 

80 

8 8 

38 

60 


1 hour 

60 

4 4 

33 

56 


2 hours 

85 

1 8 

15 

59 


3 hours 

80 

0 

17 

63 

5 

Fastmg 

100 

0 

12 

67 


30 mmutes 

100 

26 3 

37 

59 


li hours 

75 

13 2 

31 

66 


2J hours 

80 

8 8 

23 

65 

6 

Fastmg 

85 

0 

16 

68 


30 mmutes 

105 

17 5 

42 

58 


* First blood hemolyzed 


increased work necessitated by the hyperventilation and possibly also 
m other ways Smce it seemed apparent that hyperventilation was a 
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Examination of the data (1, 2, 4, 5) mdicates that hyperventilation 
has taken place and a cause for this is of mterest Increased oxygen 
consumption occurring later can then be explamed on the basis of 

TABLE 1 
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Case 1 

Time 

Blood glucose 
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acetone 

Blood 
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COi combining 
power 



mim per uni 

mtm per unt 

mlm per cent 
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30 mmutes 

120 

13 2 

24 

56 


1 hour 

135 

8 8 

21 

52 


2 hours 

100 

8 8 

18 

61 


3 hours 

80 

4 4 

11 

63 

3 

Fastmg 

80 

0 

11 

67 


30 minutes 

110 

45 5 

31 

60 


1 hour 

85 

28 0 

26 

63 


2 hours 

65 

8 8 

19 

67 


3 hours 

85 

4 4 

9 

67 

4 

Fasting 

95 

0 

21 

64 


30 mmutes 

80 

8 8 

38 

60 


1 hour 

60 

4 4 

' 33 

56 


2 hours 

85 

1 8 

15 

59 


3 hours 

80 

0 

17 

63 

5 

Fastmg 

100 

0 

12 

67 


30 mmutes 

100 

26 3 

37 

59 


IJ hours 

75 

13 2 

31 

66 


2i hours 

80 

8 8 

23 

65 

6 

Fastmg 

85 

0 

16 

68 


30 mmutes 

105 

17 5 

42 

58 


* First blood hemolyzed 


increased work necessitated by the hyperventilation and possibly also 
m other ways Smce it seemed apparent that hyperventilation was a 
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Examination of the data (1, 2, 4, 5) indicates that hyperventilation 
has taken place and a cause for this is of mterest Increased oxygen 
consumption occurring later can then be explamed on the basis of 

TABLE 1 


Dihydroxyacelone tolerance tests 


Case 

Tune 

Blood glucose 

Blood 

dihydroiy- 

acetoQc 

Blood 
lactic acid 

COi combining 
power 

1 

Fasting 

mim ter cent 

85 

nsm per cent 

0 

mtm per cent 

18 

volumes fer cent 

58* 


30 minutes 

90 

17 5 

50 

52 


1 hour 

90 

15 8 

40 

60 


2 hours 

95 

13 2 

26 

59 


3 hours 

95 

8 8 

23 

62 

2 

Fastmg 

100 

0 

17 

64 


30 minutes 

120 

13 2 

24 

56 


1 hour 

135 

8 8 

21 

52 


2 hours 

100 

8 8 

18 

61 


3 hours 

80 

4 4 

11 

63 

3 

Fastmg 

80 

0 

11 

67 


30 minutes 

no 

45 5 

31 

60 


1 hour 

85 

28 0 

26 

63 


2 hours 

65 

8 8 

19 

67 


3 hours 

85 

4 4 

9 

67 

4 

Fasting 

95 
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21 
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30 minutes 
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8 8 

38 

60 


1 hour 

60 

4 4 

33 

56 


2 hours 

85 

1 8 

15 
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3 hours 

80 

0 

17 

63 

5 

Fasting 
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0 

12 

67 


30 mmutes 

100 

26 3 

37 

59 


IJ hours 

75 

13 2 

31 

66 


2J hours 

80 

8 8 

23 

65 

6 

Fastmg 

85 

0 

16 

68 


30 mmutes 

105 

17 5 

42 

58 


* First bloodhemol3TOd. 


mCreased work necessitated by the hyperventilation and possibly also 
m other ways Smce it seemed apparent that hyperventilation was a 
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lactic acid 

COi combining 
power 

1 

Fasting 

mgm per cent 

85 

mtm per cent 

0 

mtm per cent 

18 

volumes fer cent 

58* 


30 minutes 

90 

17 5 

50 

52 


1 hour 

90 

15 8 

40 

60 


2 hours 

95 

13 2 

26 

59 


3 hours 

95 

8 8 
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17 
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24 
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21 

52 


2 hours 
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8 8 

18 

61 


3 hours 

80 
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63 
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80 

0 

11 

67 
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no 
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60 
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85 

28 0 

26 

63 
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65 

8 8 

19 

67 
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85 

4 4 

9 

67 
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64 
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8 8 

38 

60 


1 hour 

60 

4 4 

33 

56 


2 hours 

85 

1 8 

15 

59 


3 hours 

80 

0 

17 

63 

5 

Fasting 

100 

0 

12 

67 


30 minutes 
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mCreased work necessitated by the hyperventilation and possibly also 
m other ways Smce it seemed apparent that hyperventilation was a 
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respiratory quot3ent to nse above 1 0 and similar claims have been 
made for it m diabetic treatment, it was mduded m the mvestigation 
' along with cane sugar, which splits mto glucose and fructose Mal- 
tose, lactose, glucose and galactose, examples of aldoses, and the tna- 
tomic alcohol, glycerme, were selected for companson with the above 
mentioned sugars 


TABLE 3 

Sucrose tolerance tests 


Case 

Hmc 

Blood glucose 

Blood fpictose 

Blood 
lactic acid 

COi combining 
poTVcr 



ffljm ^tt cent 

mim fcr cent 

i»{ra #er uni 

volume! ter uni 



Fasting 

105 

0 

17 

63 



30 minutes 

150 

15 6 

23 

59 

13 j 


1 hour 

190 

21 0 

25 

54 



2 hours 

145 

15 6 

24 

60 



3 hours 

no 

0 

17 

60 



Fastmg 

95 

0 

28 

60 



30 minutes 

115 

0 

29 

61 

14 


1 hour 

85 

0 

24 

62 



2 hours 

85 

0 

24 

61 



3 hours 



/ 

63 



Fasting 

100 

0 

10 

65 



30 mmutes 

175 

15 6 

15 

59 

15 


1 hour 

150 

10 4 

17 

61 



2 hours 

95 

10 4 

11 

62 



3 hours 

65 

0 

9 

65 



Fastmg 

100 

0 

11 

61 



30 mmutes 

120 

5 2 

12 

59 

16 


1 hour 

155 

10 4 

17 

56 



2 hours 

130 

5 2 

11 

60 



3 hours 

95 

0 

10 

61 


Disturbance of the aad alkah balance is perhaps the most potent ' 
cause of h}rperventilation, and for its measurement the COj combmmg 
power (Van Slyke’s precision method (6)) was employed For cer- 
tam re?isons which will be discussed later the change encoimtered 
cannot be the maximal one, but it is sufl&aently great to exceed many 
tunes the possible error The ongm of the change m CO 2 combining 
power which preliminaiy tests showed to be present was not far to 
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respiratory quot3ent to nse above 1 0 and similar claims have been 
made for it m diabetic treatment, it was mduded m the mvestigation 
' along with cane sugar, which splits mto glucose and fructose Mal- 
tose, lactose, glucose and galactose, examples of aldoses, and the tna- 
tomic alcohol, glycerme, were selected for companson with the above 
mentioned sugars 
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Blood 
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m[m per cent 
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105 

0 

17 

63 
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23 

59 

13 j 
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190 

21 0 

25 
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2 hours 

145 
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24 

60 



3 hours 

no 

0 

17 

60 



Fastmg 

95 

0 

28 

60 



30 minutes 

115 

0 

29 

61 

14 


1 hour 

85 

0 

24 

62 



2 hours 

85 

0 

24 

61 



3 hours 



/ 

63 



Fasting 

100 

0 

10 

65 



30 mmutes 

175 

15 6 

15 

59 

15 


1 hour 

150 

10 4 

17 

61 



2 hours 

95 

10 4 

11 

62 



3 hours 

65 

0 

9 

65 



Fastmg 

100 

0 

11 

61 



30 mmutes 

120 

5 2 

12 

59 

16 


1 hour 

155 

10 4 

17 

56 



2 hours 

130 

5 2 

11 

60 



3 hours 

95 

0 

10 

61 


Disturbance of the aad alkah balance is perhaps the most potent ' 
cause of h}rperventilation, and for its measurement the COj combmmg 
power (Van Slyke’s precision method (6)) was employed For cer- 
tam re?isons which will be discussed later the change encoimtered 
cannot be the maximal one, but it is suffiaently great to exceed many 
tunes the possible error The ongm of the change m CO 2 combining 
power which preliminary tests showed to be present was not far to 
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TABLE 8 

Glycenne tolerance test 


Case 

Tnnc 

Blood glucose 

Blood 
lactic aad 

COi combining 
power 



msm per cent 

msm per cent 

voiumcs per uni 



Fastmg 

90 

10 

57 



30 minutes 

95 

10 

57 

31 


1 hour 

95 

15 

61 



2 hours 

95 

12 

58 



3 hours 

95 

10 

58 



Fastmg 

90 

14 

62 



-30 minutes 

105 . 

14 

61 

32 


1 hour 

no 

. 12 

62 



2 hours 

no 

12 

62 



3 hours 

100 

(Lost)^ 

61 



Fastmg 

85 

12 

67 



30 minutes 

80 

14 

69 

33 


1 hour 

80 

12 

70 



2 hours 

80 

12 

68 



3 hours 

80 

12 

68 


TABLE 9 

Lactsc actd tolerance test 


Case 

'Hme 

Blood glucose 

Blood 
lactic acid 

COj combming 
power 



msm percent 

msm ptr cent 

voluma per unt 



Fastmg 

90 

11 

63 



30 minutes 

90 

19 

60 

34 


1 hour 

95 

19 

56 



2 hours 

100 

14 5 

61 



3 hours 

95 

11 

61 



Fastmg 

95 

11 

61 



30 minutes 

90 

19 

58 

35 


1 hour 

90 

17 

60 



2 hours 

90 

14 5 

60 



3 hours 

90 

11 

60 
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TABLE 8 

Glycerine tolerance lest 


Case 

Tnnc 

Blood glucose 

Blood 
lactic acid 

COi combining 
power 



msm per cent 

mgm per cent 

voiumcs per uni 



Fastmg 

90 

10 

57 



30 minutes 

95 

10 

57 

31 


1 hour 

95 

15 

61 



2 hours 

95 

12 

58 



3 hours 

95 

10 

58 



Fastmg 

90 

14 

62 



-30 minutes 

105 s 

14 

61 

32 


1 hour 

110 

. 12 

62 



2 hours 

110 

12 

62 



3 hours 

100 

(Lost)^ 

61 



Fastmg 

85 

12 

67 



30 minutes 

80 

14 

69 

33 


1 hour 

80 

12 

70 



2 hours 

80 

12 

68 



3 hours 

80 

12 

68 


TABLE 9 

Lactic acid tolerance test 


Case 

Itme 

Blood glucose 

Blood 

Inctjc acid 

COs combmlng 
power 



mgm percent 

mzm per cent 

vduma per unt 



Fastmg 

90 

11 

63 



30 mmutes 

90 

19 

60 

34 


1 hour 

95 

19 

56 



2 hours 

100 

14 5 

61 



3 hours 

95 

11 

61 



Fastmg 

95 

11 

61 



30 minutes 

90 

19 

58 

35 


1 hour 

90 

17 

60 



2 hours 

90 

14 5 

60 



3 hours 

90 

11 

60 
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DISCUSSION 

It Will be noted that the results fall mto two groups, the first 
three sugars causing a reduction in CO 2 combining power, the others 
not Associated with the fall m COj combuung power is a defimte 
mcrease m the blood lactic aad, more marked m the case of dihydroxy- 
acetone than with fructose or cane sugar as would be expected from 
the relative amounts of reduction of the CO 2 combuung power m these 
cases Moreover, the return to previous values for CO 2 comb inin g 
power and blood lactic aad runs parallel As m the case of the CO 2 
combuung power alterations m the blood lactic aad after administra- 
tion of the other sugars are practically neghgible In order to gam 
some idea of the changes involved two men were given five grams of 
pure lactic acid dissolved m 250 cubic centimeters of water sweetened 
with saccharm, and tests similar to the foregomg earned out Table 
9 shows the results obtamed In this connection it should be pomted 
out that lactic aad m the body is constantly bemg burned or recon- 
verted to glucose or glycogen so that the values obtamed for blood 
lactic aad as well as the resultant lowermg of CO 2 combmmg power fall 
short of measurmg the total change takmg place Particularly wiU 
this be important m the later phases owmg to the increased oxygena- 
tion consequent upon the hyperventilation (Also smee the respua- 
tory muscles work on carbohydrate we must expect a shift of respira- 
tory quotient toward 10) 

To take one method of calculatmg the CO 2 elunmated Palmer and 
Van Slyke (9) have shown that it reqmres 1 0 gram of NaHCOj 
to raise the CO 2 comb inin g power one volume per cent m an mdividual 
weighmg 38 kilogr ams Takmg the average depression^ of the CO 2 
combmmg power at the half hour penod as amountmg to eight volumes 
per cent m an mdividual of 70 kilograms, 14 grams of NaHCOj 
have been lost, equal to one-sixth of a formula weight or 3,750 cc 
of CO 2 released Providmg this patient were m a basal state, 1 calone 
per kilogram hour should approximate his needs, or 35 calones the 
requirement for the half-hour, or 7,300 cc of oxygen With a true 
respiratory quotient of 0 80 (it would undoubtedly be higher on ac- 

^ Omittmg from the average Case IV which reqmres one hour to attam this 
reduction m CO2 combining piower. 
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DISCUSSION 

It Will be noted that the results fall mto two groups, the first 
three sugars causing a reduction in CO 2 combining power, the others 
not Associated with the fall m COj combining power is a defimte 
mcrease m the blood lactic aad, more marked m the case of dihydroxy- 
acetone than with fructose or cane sugar as would be expected from 
the relative amounts of reduction of the CO 2 combining power m these 
cases Moreover, the return to previous values for CO 2 combuung 
power and blood lactic aad runs parallel As m the case of the CO 2 
combimng power alterations m the blood lactic aad after administra- 
tion of the other sugars are practically neghgible In order to gam 
some idea of the changes involved two men were given five grams of 
pure lactic acid dissolved m 250 cubic centimeters of water sweetened 
with saccharm, and tests smular to the foregomg earned out Table 
9 shows the results obtamed In this connection it should be pomted 
out that lactic aad m the body is constantly bemg burned or recon- 
verted to glucose or glycogen so that the values obtamed for blood 
lactic aad as well as the resultant lowermg of CO 2 combmmg power fall 
short of measurmg the total change takmg place Particularly wfil 
this be important m the later phases owmg to the increased oxygena- 
tion consequent upon the hyperventilation (Also smee the respna- 
tory muscles work on carbohydrate we must expect a shift of respira- 
tory quotient toward 10) 

To take one method of calculatmg the CO 2 elunmated Palmer and 
Van Slyke (9) have shown that it reqmres 1 0 gram of NaHCOj 
to raise the CO 2 combimng power one volume per cent m an mdividual 
weighmg 38 kilograms Takmg the average depression^ of the CO 2 
combmmg power at the half hour penod as amountmg to eight volumes 
per cent m an mdividual of 70 kilograms, 14 grams of NaHCOj 
have been lost, equal to one-sixth of a formula weight or 3,750 cc 
of CO 2 released Providmg this patient were m a basal state, 1 calone 
per kilogram hour should approximate his needs, or 35 calones the 
requirement for the half-hour, or 7,300 cc of oxygen With a true 
respiratory quotient of 0 80 (it would imdoubtedly be higher on ac- 

^ Omittmg from the average Case IV which requires one hour to attam this 
reduction m CO2 combining piower. 
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absorbed m the first half hoxir, the formation of more lactic aad may- 
be expected as this remammg sugar reaches the hver It is evident 
from the tables that some lactic aad has disappeared at the end of an 
hour but a contmuance of a high respnatory quotient may depend m 
part on mcomplete re-estabhshment of aad alkah equihbnum, or 
combustion of the lactic aad, or many other factors Should the 
initial CO 2 released be ehmmated over a longer period, as there is good 
reason to beheve possible, there is qmte sufliaent to mamtam high 
CO 2 /O 2 ratios for a considerable period Attention may be called to 
the fact that the higher values for these ratios reported have been 
obtamed for a very limi ted penod and calculated on the hour basis, 
a procedure which examination of the protocols m the precedmg paper 
shows IS unsmtable and hable to lead to erroneous conclusions 
Turmng now to another aspect of these results, we wish to call at- 
tention to the remarkable parallelism between the changes m CO 2 
combimng power and blood lactic aad m these cases with the results 
of the respnatory ex amin ation m man (Mason’s) or m normal dogs 
following the admimstration of dihydroxyacetone as recorded m the 
precedmg paper In contrast the fixation of CO 2 and blood lactic 
aad m man and the slow nse and faU of the CO 2 /O 2 ratio after glucose 
administration to man or a nimals inspires confidence that such ex- 
traneous factors play httle, if any, part m the alterations of the re- 
spnatory quotient after a dmi nistration of the normal body sugar 
Correspondmg to the deaeased frequency with which the CO 2 /O 2 
ratio exceeds 1 0, the results with fructose are somewhat less staking 
both m the reduction of CO 2 combimng power and inaease m the 
lactic acid level (table 2) With them, however, it is stiU possible to 
calculate a CO 2 /O 2 ratio weU above 1 0 Suaose also shows a smaller 
change m the CO 2 comb inin g power and blood lactic aad (table 3) 
Half the administered carbohydrate was really glucose when it reached 
the hver and, as shown m table 4, glucose has no effect on either CO 2 
combming power or blood lactic aad Likewise, maltose and lactose 
and galactose have no influence on these (tables 5, 6 and 7) 

It would seem apparent that the extraordinary CO 2 /O 2 ratios 
reported by others (1, 2, 3, 4), as weU as ourselves (5), after adminis- 
tration of certain carbohydrates are consequentially related to the 
production of lactic aad m the body and the blo-wmg off of CO 2 neces- 
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absorbed m the first half hour, the formation of more lactic aad may- 
be expected as this remammg sugar reaches the hver It is evident 
from the tables that some lactic aad has disappeared at the end of an 
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the fact that the higher values for these ratios reported have been 
obtamed for a very limited penod and calculated on the hour basis, 
a procedure which examination of the protocols m the precedmg paper 
shows IS unsmtable and hable to lead to erroneous conclusions 
Turmng now to another aspect of these results, we wish to call at- 
tention to the remarkable parallelism between the changes m CO 2 
comb inin g power and blood lactic aad m these cases with the results 
of the respiratory examination m man (Mason’s) or m normal dogs 
following the administration of dihydroxyacetone as recorded m the 
precedmg paper In contrast the fixation of CO 2 and blood lactic 
aad m man and the slow rise and fall of the CO 2 /O 2 ratio after glucose 
administration to man or a nim als inspires confidence that such ex- 
traneous factors play httle, if any, part m the alterations of the re- 
spnatory quotient after admimstration of the normal body sugar 
Correspondmg to the deaeased frequency with which the CO 2 /O 2 
ratio exceeds 1 0, the results with fructose are somewhat less stnking 
both m the reduction of CO 2 combimng power and increase m the 
lactic acid level (table 2) With them, however, it is stUl possible to 
calculate a CO 2 /O 2 ratio weU above 1 0 Sucrose also shows a smaller 
change m the CO 2 comb inin g power and blood lactic aad (table 3) 
Half the administered carbohydrate was really glucose when it reached 
the hver and, as shown m table 4, glucose has no effect on either CO 2 
combimng power or blood lactic aad Likewise, maltose and lactose 
and galactose have no influence on these (tables 5, 6 and 7) 

It would seem apparent that the extraordinary CO 2 /O 2 ratios 
reported by others (1, 2, 3, 4), as weU as ourselves (5), after adminis- 
tration of certam carbohydrates are consequentially related to the 
production of lactic aad m the body and the blo-wmg off of CO 2 neces- 
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way as the sugars As table 8 shows, no lowering of CO 2 combining 
power or nse in blood lactic aad occurs, a result which is at least con- 
sistent with this viewpomt, though by no means confirmatory of it 

Whether it be true or not that it provides the necessary chermcal 
energy for the conversion of the ketoses to glucose, a further imphca- 
tion of the lactic acid production by these sugars occurs to one For 
some reason lactic acid is produced when the tnose or fructose is 
fed The only source of lactic aad known to occur m the body is 
glucose or glycogen If it could be produced from tnose itself the 
tnose admunstered mtravenously to eviscerated animals would not 
remam unchanged (9) The process glycogen-^lactic aad mvolves an 
energy reduction change which must be charged agamst the foodstuffs 
imtiatmg the lactic aad production As, accordmg to Meyerhof, this 
reduction amounts to 0 72 calone per gram of lactic aad produced, a 
considerable reduction m the physiological calonc value of the food- 
stuff IS caused directly as well as through the extra work mduced by 
the acid stimulatmg respiration In our opimon such an action does 
not enhance the therapeutic value of either sugar in diabetes It is 
perhaps not a fortmtous circumstance that most of the important 
carbohydrate used by man and animals is convertible directly to 
glucose before absorption 

SUMMARY AND CONCLUSIONS 

The results of the exammation of the carbon dioxide combinmg 
power and blood lactic aad after the admimstration of certam carbo- 
hydrates have been tabulated and discussed Certam sugars — 
dihydroxyacetone, fructose and cane sugar — cause a lowermg of the 
carbon dioxide comb inin g power and a nse m the blood lactic aad, 
while glucose, maltose, lactose, galactose and glycerme do not These 
changes take place at the proper time to cause stimulation of respira- 
tion and the maeased ehmmation of carbon dioxide noted when such 
substances are fed and explain the extraordmanly high COj /02 
ratios found We would conclude that such ratios cannot be used as 
an mdex of food transformation, combustion or storage of the first 
substances mentioned There appears no reason to beheve that these 
factors mterfere m the use of the ratios as respiratory quotients in the 
case of the other sugars exammed In view of the additional energy 
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substances are fed and explain the extraordmanly high COj /02 
ratios found We would conclude that such ratios cannot be used as 
an mdex of food transformation, combustion or storage of the first 
substances mentioned There appears no reason to beheve that these 
factors mterfere m the use of the ratios as respiratory quotients in the 
case of the other sugars exammed In view of the additional energy 
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TOLYSIN IN RHEUMATIC CARDITIS 


They (the cmcophen denvatives) are chemically related to sahcyl and their 
structure mdicates the presence of the qumohne nng which acts as an antipyretic 
Obviously, important factors with aU the compounds are general solubihty and 
absorbabdity The poor solubility and absorbabihty probably explam the 
innocuousness of neocmcophen Finally, the combmed use of morphme 

and quinine, both of which are chemically different from aU the drugs thus far 
mentioned but which are nevertheless therapeutically efficient m rheumatic fever, 
mdicates the relative unimportance of chemical composition and structure of these 
therapieutic drugs and of the specifiaty of sahcyl m this disease The speculations 
on the chemical side of the question have not led to anythmg deffiute pertammg 
to the mechanism of anti-rheumatic action 

Since this review Masters (5) has shown that sodium sahcylate has 
no effect on the normal human electrocardiogram and therefore does 
not account for any of the electrocardiographic changes noted m 
rheumatic fever Furthennore, Levy and Turner (6) have shown that 
foUowmg salicylate therapy, m addition to the usual anti-symptomatic 
effect, there was a gradual reduction of the P-R mterval to withm 
normal limits m patients with rheumatic heart disease On with- 
drawmg the drug a prolongation of the conduction time recurred 
We know of no such studies with tol)^in 

Because we had imder observation carefully controlled cases of 
juvenile rheumatic fever with no arthritis but with an active infection 
evidenced by fever, loss of weight and leucocytosis, we were mterested 
m observmg the action of tolysin on this phase of the disease 

METHODS 

In selectmg the cases it was necessary to know that an active infec- 
tion was present and demonstrable, and careful allowance was made 
for the natural course of the disease It is well known that the acute 
forms may subside more or less completely regardless of treatment 
although subject to recurrences over a penod of years Chronic 
rheumatic carditis manifests too few signs of infection to be good 
material for study We have, therefore, selected six carefully con- 
trolled cases from the Children’s Heart Hospital of Philadelphia aU of 
the subacute type In these, three weU-recognized catena of infection 
were present, viz fever, leucocytosis and loss of weight, aU of which 
had been stationary for several months previous to treatment It is 
to be noted that during treatment none of these cases had arthntis or 
chorea, but that all had definite active cardiac lesions 
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TOLYSnsr IN RHEUMATIC CARDITIS 


The administration of the drug was oral and the dosage is shown m 
the table This has exceeded in our children the efficient therapeutic 
dose recognized for adults by Hanzhk (1) 

TREATMENT AND RESULTS 

Six children with rheumatic heart disease were treated with tolysin 
and the results are shown m table 1 The diagnosis m all these 
cases was rheumatic heart disease (active) with mitral stenosis 
and msuffiaency, and enlargement of the heart There were no 
arrhythmias and although the lesions were fairly severe, none of these 
patients showed failure of compensation The pulse rate was not 
affected by treatment m any of these patients 

The absence of any demonstrable effect of tolysin upon the 
weight, temperatiHre and leucocytosis m this type of rheumatic heart 
disease is evident from the above data 

Tovictty 

Toxic symptoms of the drug were not found, although sought for m 
every case Two children each vomited once durmg the course of 
treatment but as they were not sick before or after the vomited dose, 
and as the trouble was very obviously due to the mechamcal difficulty 
of children swallowmg pdls, the form of admmistration and not the 
action of the drug was blamed for this None of the cases showed 
tmmtus annum, or other toxic effects and from clmical observations we 
agree with Barbour and Lozmsky (7) that tolysm is non-toxic 

Comment 

It IS evident that such cases are a very severe test of any drug 
therapy The low grade fever of chrome tuberculosis would perhaps 
be a comparable condition 

The failure of tolysin to act on this condition is presumably due 
to the fact that these patients with very low temperatures are not 
smtable subjects for its antipyretic effects Hanzhk (1) makes it qmte 
clear that whatever action these drugs may have on arthntis or carditis, 
the results are almost entirely accounted for by antipjuesis and 
analgesia In Miller and Boots (3) cardiac senes where the fever was 
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RENAL FUNCTION IN CARDIAC DISEASE 


condition of the kidneys m cardiac patients after having returned to a 
state of compensation and m doing so have correlated the tests which 
are mpst frequently used 

In patients recently recovered from attacks of heart failure, tests 
were made a few days before sittmg up The patients were takmg 
ward diet, free of salt except that used m cookmg The tests selected 
were (1) the urea concentration mdex (the Van Slyke mdex) described 
by Van Slyke, Lmder, Hiller, Leiter and McIntosh (1926), (2) the 
phenolsulphonephthalem test, (3) the concentration test, and (4) the 
dilution or water test 

1 The significance of ascertaining the concentrating power of the kidneys for 
urea under standard conditions is stated by McIntosh and Reimann (1926) to be 
“The significance of the urea concentration index may be descnbed by statmg 
that it represents the number of times the kidneys concentrate urea m excretmg 
It from the blood mto the urme, when the urme volume output is at the average 
normal rate of 1 cc per mmute or 1 cc per hour per kilo body weight " The m- 
dex may also be regarded as representmg the number of cubic centimeters of blood 
cleared of urea by the kidneys when urme is bemg excreted at the rate of 1 cubic 
centimeter per mmute Values of 35 to 80 for the mdex are regarded as normal 

2 Phenolsulphonephthalem 1 cc was mjected mtravenously Urme spea- 
mens were collected at the end of 1 and of 2 hours The amount of the dye ex- 
creted was then estimated The dye was given at the end of the urea concentra- 
tion test Excretion of 55 per cent or more of the dye m 2 hours was considered 
to be normal 

3 The aim of the concentration test is to study the behavior of the kidneys 
under mild stress In 1914 Hedmger and Schlayer (1914) mtroduced a test diet 
for cases of nephritis which was further elaborated by Mosenthal (1915) m 1915 
The test as we have used it was devised m this hospital by Limdsgaard The 
patients are given 3 dry meals Each meal consists of bread (toasted) 65 grams, 
butter 15 grams, eggs (scrambled) 100 grams, cream cheese 25 grams, and jam or 
jeUy 15 grams to 20 grams The calonc value of this meal is 600 calones, a total of 
1800 calones No water is given from rmdmght of the day precedmg the test until 
Its end On the mommg of the test the patient voids at 6 a m This specimen 
IS discarded He voids agam at 7 a m , this specimen bemg saved The dry meals 
are given at 7 30, 10 00 and 1 1 40 a m The patient voids at 9 and at 11 a m , at 1 
and at 3 p m , each specimen is saved separately The test ends after the spea- 
men is collected at 3 p m The amount and speafic gravity of each specimen are 
estimated In normal mdividuals the spiecific gravity rises to 1 030 durmg this 
test We have however arbitrarily deaded to regard 1 025 to 1 030 as withm the 
normal limits for the purposes of this studj"^ 

4 Dilution or water tests have been descnbed by Koranyi and his pupils 
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RENAL FUNCTION IN CARDIAC DISEASE 


TABLE 2 

A summary of results of tests of renal function tn cardiac patients 


Van Slyke index 

Concentration test 

1 

Dilution test 

Phenolsulphonephtluleln 

test 

Low 

Normal j 

Low 

Normal 

No data 

Low j 

Normal 

No 

data 

Low 

Nor- 

mal 

No 

data 

7 

28 

9 

22 

4 

13 

18 

4 

n 

33 

1 


2 


I 1 — all tests normal 10 — I 1 

phenolsulphoneplithalein was normal in all except one (case 10) of 35 
patients The Van Slyke mdex was normal m 28 patients (41 tests) 
(tables 1 and 2), and below normal, though in no mstance greatly so, 
in 7 patients (9 tests) In 10 patients the kidneys failed to concentrate 
unne to a specific gravity of 1 026 to 1 030, though m only one case did 
it fall below a specific gravity of 1 020 (case 29, 1 017) In 17 patients 
the results first obtamed by use of the dilution test were abnormal 
In 7 the only abnormahty was failure to excrete 750 cc or more of the 
1000 cc of water mgested In 3, although the specific gravity did not 
fall to 1 005, a normal amount of water was nevertheless excreted In 
the other 8 patients^ (that is to say of the 17) the amount excreted was 
less than 750 cc and beside the specific gravity did not fall to 1 005 
Five of the 17 showed abnormahties m the concentration test as well 
In one patient (case 34) after prolonged rest m bed, when the blood pres- 
sure fell, there were decreased values except m the concentration and 
phenolsulphonephthalem tests After taking a salt free diet for 6 weeks 
when the blood pressure fell further, the renal function improved, as 
mdicated by the presence of normal dilution although concentration 
rose only to 1 022 In this patient, the diagnosis is not certain He 
may have passed through a stage of acute nephritis to which hyperten- 
sion was secondary and not primary or essential In 10 of the 35 pa- 
tients the values at one time were normal m aU the tests, while m 25 
the function was decreased at some tune m one or more of the tests 

^ Several patients durmg several years fall novr in one group and now in another 
due to change in the renal fimction even according to the same tests 
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RENAL FUNCTION IN CARDIAC DISEASE 
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I 1 — all tests nonnal 10 — I 1 

phenolsulphoneplithalem was nonnal m all except one (case 10) of 35 
patients The Van Slyke index was nonnal m 28 patients (41 tests) 
(tables 1 and 2), and below nonnal, though in no instance greatly so, 
in 7 patients (9 tests) In 10 patients the kidneys failed to concentrate 
unne to a specific gravity of 1 026 to 1 030, though in only one case did 
it fall below a specific gravity of 1 020 (case 29, 1 017) In 17 patients 
the results first obtained by use of the dilution test were abnormal 
In 7 the only abnonnahty was failure to excrete 750 cc or more of the 
1000 cc of water mgested In 3, although the specific gravity did not 
fall to 1 005, a nonnal amount of water was nevertheless excreted In 
the other 8 patients^ (that is to say of the 17) the amoimt excreted was 
less than 750 cc and beside the specific gravity did not fall to 1 005 
Five of the 17 showed abnonnahties m the concentration test as well 
In one patient (case 34) after prolonged rest m bed, when the blood pres- 
sure fell, there were decreased values except m the concentration and 
phenolsulphonephthalem tests After taking a salt free diet for 6 weeks 
when the blood pressure feU further, the renal function unproved, as 
mdicated by the presence of nonnal dilution although concentration 
rose only to 1 022 In this patient, the diagnosis is not certam He 
may have passed through a stage of acute nephritis to which hyperten- 
sion was secondary and not primary or essential In 10 of the 35 pa- 
tients the values at one time were normal m aU the tests, while m 25 
the function was decreased at some time m one or more of the tests 

^ Several patients during several years fall novr in one group and now in another 
due to change m the renal function even according to the same tests 
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EENAL FUNCTION IN CAFDIAC DISEASE 


dominated In the fourth group are 3 patients (cases 2, 5 and 9)m 
whom heart failure manifested itself as faUgue In the fifth group is 
one patient (case 1) who complamed only of palpitatum No speaal 


Fig 1 In this figure the renal functions of patients are charted at the age which 
they were estimated Each column represents a patient The ordinates repre- 
sent years of age Symbols indicate renal function, and the etiology of the cardiac 
disease The years m which infections occurred, cardiac lesions were diagnosed, 
symptoms first appeared and attacks of heart failure occurred are also mdicated 


Van Slyke mdex ^ 

■> Phenolsulphonephthalem excretion 
Dilution test 
Concentration mdex 


all normal 



Van Slyke mdex low 




-> Specific gravity m dilution test > 1 005 
> Specific gravity m concentration test < 1 025 



Volume of urme m dilution test < 750 cc. 



In dilution test specific gravity > 1 005 and amount < 750 cc. 


• = Attack of acute rheumatic fever 
+ ’= Attack of chorea 

<— = Occurrence of symptoms or of cardiac failure 
■= Cardiac lesion diagnosed 
□ = Etiology IS acute rheumatic fever 
■ = Etiology IS unknown 
A = Etiology IS /ly^er/eimon 
A = Etiology IS or/enoxcferojty 
o = lEtiology IS hypothyroidism 


complamts were to be ehated from 2 patients (cases 13 and 34) who 
were the subjects of hypertension Many of the impairments m renal 
function were discovered m the patients subject to attacks of con- 
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RENAL FUNCTION IN CARDIAC DISEASE 


dominated In the fourth group are 3 patients (cases 2, 5 and 9)m 
whom heart failure manifested itself as fatigue In the fifth group is 
one patient (case 1) who complamed only of palpitation No speaal 


Fig 1 In this figure the renal functions of patients are charted at the age which 
they were estimated Each column represents a patient The ordinates repre- 
sent years of age Symbols indicate renal function, and the etiology of the cardiac 
disease The years m which infections occurred, cardiac lesions were diagnosed, 
symptoms first appeared and attacks of heart failure occurred are also mdicated 


■> Van Slyke mdex ^ 
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Dilution test 
Concentration mdex 


all normal 



Van Slyke mdex low 
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-> Specific gravity m dilution test > 1 005 
■ Specific gravity m concentration test < 1 025 



Volume of urme m dilution test < 750 cc. 



In dilution test specific gravity > 1 005 and amount < 750 cc. 


• = Attack of acute rheumatic fever 
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<— = Occurrence of symptoms or of cardiac failure 
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■ = Etiology IS unknown 
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were the subjects of hypertension Many of the impairments m renal 
function were discovered m the patients subject to attacks of con- 
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RENAL FUNCTION IN CARDIAC DISEASE 


years to one month, m 35 patients Impairment of function did not 
appear to vary with the duration of the disease, whether months or 
years Impairments occurred about as frequently m those who had had 
only one, as m those who had had repeated attacks The degree of 
impairment m short did not parallel the number of attacks of heart fail- 
ure (see discussion) Nor did there appear to be an outspoken relation 
between the duration of heart disease® and the degree of impairment, 
so far as the concentratmg and dilutmg functions of the kidneys are 
concerned 

Correlation of age and renal function in patients with heart disease 
There are 50 observations m 38 patients (Figure 1) Twelve (cases 
8, 12, 15, 17, 19, 22, 25, 26, 28, 31, 34, and 35) range m age between 15 
and 30 years In seven (cases 8, 12, 15, 17, 19, 28 and 31) of these, or 
about 60 per cent, the function appeared normal m aU the tests But in 
23 patients rangmg m age between 38 and 72 years, this was true m 3 
only (cases 5, 13 and 27) Although the number of cases is too few for 
statistical statement, impairments m renal Action are certainly more 
frequent m heart patients in the decades after 30 years 

Blood urea in heart disease The blood urea was below 0 200 gram 
per hter m all except 3 patients 

DISCUSSION 

We have found, on the whole, httle impairment m those renal functions 
which we have been able to measure m patients sufienng from chrome 
heart disease The number studied is of course small for statistical 
treatment The Van Slyke index was abnormal m only 8 patients and 
phenolsulphonephthalem excretion was dummshed m only one The 
most frequent impairment was the dilutmg abdity of the kidneys, the 
concentratmg function was second This was the situation durmg the 
stage of compensation Little or no permanent damage to the kidneys 
need become estabhshed for many years Durmg the stage of conges- 
tion renal function as measured by the Van Slyke mdex, the phenolsul- 
phonephthalem excretion, and the Mosenthal test diet, is however 
greatly diminished Afterwards some impairment becomes evident 

* The duration of heart disease dates from the time when a diagnosis of heart 
disease u as made, it need not of course comcide with the date of the first attack 
of heart faflure 
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DISCUSSION 
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which we have been able to measure m patients sufienng from chrome 
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stage of compensation Little or no permanent damage to the kidneys 
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RENAL EUNCXION IN CARDIAC DISEASE 


SIS and msuffiaency of rheumatic ongm In first (case 12) all the 
tests for renal function were normal after recovery from a third attack 
of heart failure One year later, after recovery from a fourth attack, he 
was no longer able to excrete unne of low specific gravity The ^ount 
also descreased as was seen m the dilution test After the eighth attack 
two years later, both functions, concentratmg as well as diluting, were 
abnormal While damage to the heart was progressmg contmuously 
change m kidney function also occurred The general condition and the 
behavior of the kidneys took a parallel downward course The second 
patient (case 19) hkewise exhibited normal renal functions after re- 
covery from a first attack of heart failure Three years later, after 
the third attack, he could no longer excrete the normal amount of 
water m the dilution test, nor could he lower the specific gravity to 
1 005 His capacity for exertion had meanwhile diminished The 
third patient (case 22) had suffered from heart disease for 14 years and 
had suffered from 6 attacks of heart failure when the first observations 
were made These revealed abnormahty m the concentration test 
One year later, after the seventh attack, the dilution as well as the con- 
centration test was abnormal Durmg this time he failed rapidly 

Three patients (cases 5,17, and 23, fig 1) showed progressive improve- 
ment m renal function over a penodof several years, dmical improve- 
ment occurred at the same time A fourth patient (case 6) remamed 
unchanged over a period of 5 years, both from the pomt of view of the 
chmcal course and of the kidneys 

Our observations as we have said, mclude however neither a suffi- 
aently large number of patients nor do they cover sufilciently long pe- 
nods to warrant our drawmg conclusions on the meanmg of the tests 
we have used from the pomt of view of prognosis The situation is m 
fact confusmg Some patients are ahve and are carrymg on work 
without signs of heart failure, though their renal functions are as greatly 
diminished as were those m others shortly before death 

Detenoration m the renal functions was most common m the arteno- 
sclerotic and hypertensive groups m which they were normal m only 
two mdividuals (cases 5 and 13) , less common m the acute rheumatic 
group m which were most of the patients with normal function Be- 
yond the age of 30 normal function was present m only three (cases 
5, 13 and 27) The lower age may be 40 or 50 years if larger numbers 
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was no longer able to excrete unne of low specific gravity The ^ount 
also descreased as was seen m the dilution test After the eighth attack 
two years later, both functions, concentratmg as well as ddutmg, were 
abnormal While damage to the heart was progressmg contmuously 
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4 In 17 patients, that is to say in one half the patients studied, the 
dilution test revealed abnonnahty either m the abdity to excrete the 
normal amount of water or m the failure of the specific gravity to fall 
or m both 

5 The concentration test showed impairment m 10 patients 

6 Diminished renal function was found m aU except 3 patients who 
were more than 30 years of age 

7 A correlation exists between arteno-sclerosis and hypertension 
and decrease m renal function 

8 The impairments of renal function were found more frequently m 
patients who suffered from congestive heart failure 

9 There was no correlation between duration of heart disease and 
impairment in renal function 


CONCLUSIONS 

Although the number of patients is too small to make statistical m- 
ferences, the foUowmg facts emerge from analysis of the data 

1 After 30 years of age, normal renal function is found rarely m 
patients with cardiac disease 

2 Normal function is rare m patients with arculatory disease of ar- 
teno-sclerotic or hypertensive etiology 

2a Conclusions 1 and 2 are correlated, smce arteno-scIerosis and 
hypertension are diseases of the later decades 

3 Impairments of renal function were found most frequently m pa- 
tients subject to repeated attacks of congestive heart failure 

4 Although correct m general, conclusion 3 requues modification 
by the statement that the degree of impairment did not parallel the 
number of attacks of failure 

4a Durmg mtervals between attacks of heart failure there may be 
no impairment of renal function 

5 There was no correlation between the duration of heart disease and 
the degree of impairment 

5a There was no correlation between the length of tune smce the 
onset of the first attack of heart failure and the degree of impairment 

6a The Van Slyke mdex of urea excrefaon and the phenolsulphone- 
phthalem excretion are usually normal 
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and decrease m renal function 

8 The impairments of renal function were found more frequently m 
patients who suffered from congestive heart failure 

9 There was no correlation between duration of heart disease and 
impairment in renal function 


CONCLUSIONS 

Although the number of patients is too small to make statistical m- 
ferences, the foUowmg facts emerge from analysis of the data 

1 After 30 years of age, normal renal function is found rarely m 
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Case 20 The anatomical diagnosis was' calcification of the aortic valves, 
stenosis of the aortic valves, cardiac hypertrophy, advanced atherosclerosis of the 
aorta, moderate atheromatosis of the aortic cusp of the mitral valve and of the 
coronary vessels, artenosclerosis of the kidneys, infarcts of the kidneys, cyanotic 
mduration of the hver, passive congestion of the spleen and kidneys, asates, edema 
of the legs and mtestines, serous pericarditis, sero-fibrmous pleurisy of the left 
pleural cavity, localized pleural effusion m a space between the upper and rmddle 
lobes of the nght lung, osteoporosis of the sternum The microscopical diaghosis 
was calcification of the aortic valves, chrome endocarditis and pericarditis of the 
left aunclej- atheromatosis of the aortic cusp of the mitral valve, calafymg athero- 
sclerosis of the mtima of the thoraac part and of the mtima and media of the 
abdommal part of the aorta, calafymg atherosclerosis of the splemc artery, ad- 
hesive pleurisy of the nght pleural cavity, purulo-fibnnous pleurisy m the space 
between the upper and middle lobes of the nght lung, chrome passive congestion 
of the lungs, atrophic mduration of the hver, chronic passive congestion of the 
hver, atherosclerosis and passive congestion of the kidneys, renal infarction, passive 
congestion of the spleen and adrenal glands 

Case 21 The anatomical diagnosis was extreme thrombosis and athero- 
sclerosis of the left coronary artery, focal thrombosis and atherosclerosis of the 
nght coronary artery, myocardial degeneration, healed and recent myocardial 
infarcts, adherent pencardium, fibrous pleurisy, anthracosis, emphysema, general 
artenosclerosis, venous stasis of the hver, pensplemtis, perihepatitis, abdominal 
adhesions, hyperplasia of the spleen, artenosclerosis of the kidneys, infarcts of 
the kidneys The microscopical diagnosis w^ healed canalized thrombi and re- 
cent thrombosis of the coronary artenes, endocardial thickenmg, fibrosis and re- 
cent infarction of the left ventnde, atherosclerosis of the aorta, cyanotic atrophy 
of the hver, fibrous thickemng of the pleura, anthracosis, piensplemtis, infarction 
of the kidneys, atherosclerosis of the kidneys 

Case 28 The anatomical diagnosis was cardiac hypertrophy, chrome cardiac 
valvular disease (rmtral and aortic) , pencarditis, broncho-pneumonia, venous stasis 
of the organs The microscopical diagnosis was chrome endocarditis, anemic m- 
farcts of the heart, chronic passive congestion of the hver, passive congestion of 
the spleen, passive congestion of the kidneys, congestion and edema of the adrenal 
glands, normal aorta 

Case 32 * The anatomical diagnosis was chrome endocarditis, rmtral stenosis 
and aortic stenosis, cardiac h3rpertrophy and dilatation, sclerosis of the pulmonary 
artery, atelectasis of the lower and rmddle lobes of the right limg, healed bilateral 
apical tuberculosis, chronic passive congestion of the hver, spleen and kidneys, 
healed infarcts of the spleen and kidneys 


* This report was obtained from another hospital and was not complete 
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sclerosis of the mtima of the thoraac part and of the mtima and media of the 
abdommal part of the aorta, calafymg atherosclerosis of the splemc artery, ad- 
hesive pleurisy of the nght pleural cavity, purulo-fibnnous pleurisy m the space 
between the upper and rmddle lobes of the nght lung, chrome passive congestion 
of the lungs, atrophic mduration of the hver, chronic passive congestion of the 
hver, atherosclerosis and passive congestion of the kidneys, renal infarction, passive 
congestion of the spleen and adrenal glands 

Case 21 The anatomical diagnosis was extreme thrombosis and athero- 
sclerosis of the left coronary artery, focal thrombosis and atherosclerosis of the 
nght coronary artery, myocardial degeneration, healed and recent myocardial 
infarcts, adherent pencardium, fibrous pleurisy, anthracosis, emphysema, general 
artenosclerosis, venous stasis of the hver, pensplemtis, perihepatitis, abdominal 
adhesions, hyperplasia of the spleen, artenosclerosis of the kidneys, infarcts of 
the kidneys The microscopical diagnosis w^ healed canalized thrombi and re- 
cent thrombosis of the coronary artenes, endocardial thickemng, fibrosis and re- 
cent infarction of the left ventnde, atherosclerosis of the aorta, cyanotic atrophy 
of the hver, fibrous thickemng of the pleura, anthracosis, fiensplemtis, infarction 
of the kidneys, atherosclerosis of the kidneys 

Case 28 The anatomical diagnosis was cardiac hypertrophy, chrome cardiac 
valvular disease (mitral and aortic) , pencarditis, broncho-pneumoma, venous stasis 
of the organs The microscopical diagnosis was chrome endocarditis, anemic m- 
farcts of the heart, chronic passive congestion of the hver, passive congestion of 
the spleen, passive congestion of the kidneys, congestion and edema of the adrenal 
glands, normal aorta 

Case 32 * The anatomical diagnosis was chrome endocarditis, rmtral stenosis 
and aortic stenosis, cardiac h3rpertrophy and dilatation, sclerosis of the pulmonary 
artery, atelectasis of the lower and middle lobes of the nght limg, healed bilateral 
apical tuberculosis, chronic passive congestion of the hver, spleen and kidneys, 
healed infarcts of the spleen and kidneys 


* This report was obtamed from another hospital and was not complete 
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myxedema, and m many instances a very large part of the th 3 T:oid has 
been removed ” Jordan (3) states that post-operative myxedema 
occurred m 0 9 per cent of a “primary hyperthyroidism” senes of 
533 cases treated by subtotal thyroidectomy and m 0 9 per cent of a 
“secondaiy h 3 ^perthyroidism” senes of 320 cases treated by vanous 
types of partial th)T:oidectomy Smith, Clute and Stneder (4), how- 
ever, m a more recent (1928) publication from the same clmic, report 
that m 100 patients followed for 1 year or more after subtotal thyroid- 
ectomy, their mcidence of post-operative myxedema has increased to 
15 per cent This they attnbute to the recent practice of removing a 
larger portion of thyroid gland than formerly, and also to the post- 
operative use of lodme Elhott (5), in a study of the results of 
thyroidectomy for toxic goiter, gives figures showmg that of 74 cases 
undergomg a maximal subtotal thyroidectomy, 3 showed evidence 
of post-operative myxedema Jordan, Smith, Clute and Stneder 
and Elhott do not state whether the myxedema was temporary or 
permanent 

The statistics of the Thyroid dime of the Massachusetts General 
Hospital indicate that foUowmg either x-ray treatment or subtotal 
thyroidectomy, permanent myxedema is a rare occurrence A sub- 
total thyroidectomy m this hospital involves the removal of at least 
three-fourths and usually five-sixths to seven-eights of the gland 
Iodine has been used for several months post-operatively m many 
of the cases since the year 1924 The type of x-ray therapy used in the 
majonty of mstances was the exposure of both thyroid and thymus 
glands to about two-thirds the erythema dose Treatments were 
usually given 3 to 4 weeks apart Dunng the penod 1915-1926 
inclusive, 465 cases of toxic goiter (for the most part exophthalmic 
goiter) were treated as follows 

130 by x-ray only 

213 by subtotal thyroidectom> only, m one or more stages 

122 by more limited operations, often with x-ray m addition, or else by sub- 
total thyroidectomy and x-ray combmed 

Only 8 cases of myxedema which was apparently permanent were 
observed among the above 465 cases, i e , about 2 per cent Five of 
these occurred after x-ray treatment, 1 after subtotal thyroidectomy. 
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354 MYXEDEMA EOLLOWING THYROTOXICOSIS 

not disappear eventually as it did in case 11 (ffg 6) Moreover, 3 of 
the cases have never been tested by omission of thyroid therapy for a 
length of tune suffiaent to ascertam whether or not the m 3 rxedema 
would recur 

The diagnosis of myxedema was defimte m all the cases except no 8 
(table 1) She had no noticeable edema, but her subjective symptoms 



Fig 1 Lab No 1505 Miss F F T Age 47 Permanent Myxedema 
Occurring within 3 Months after X-Ray Therapy (X) Preceded 
BY Subtotal Thyroidectomy (about 3 Years before First 
Metabolism Determination) for Exophthalmic Goiter 

Marked exophthalmos persists to date Mamtenance dose of thjroid extract is 
3 grains daily In this and subsequent charts, black areas denote Lugol’s 
medication, and cross-hatched areas, thyroid medication 

were charactenstic and disappeared on thyroid therapy Case 2 
(fig 2)® is typical of the group, and, when myxedematous, presented 
the following signs and symptoms 

She was dopey, lacked energy, had a poor appetite, fatigued very easily and felt 
cold all the time She had dyspnea on exertion Her speech was slow and thick 


• We wish to thank Dr E P Richardson for the use of the data on this case 
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Fig 3 Lab No 3947 Mr R C P Age 49 Combined Myxedema and Normal Low Basal Metabolic Rate 

Following Subtotal Thyoidectosty for ExopHTHALinc Goiter 

The myxedema occurred withm 6 months after the thyroidectomy The patient’s metabolism remained low in spite of 6 
grams of thyroid extract (ZJIIO daily, but there were no symptoms of myxedema Raising his metabobsm to standard 
normal by a dose of 12 grams daily produced thyroid mtoxication - 
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The myxedema occurred within 6 months after the thyroidectomy The patient’s metabolism remained low in spite of 6 
grams of thyroid extract (BIF) daily, but there were no symptoms of myxedema Raising his metabolism to standard 
normal by a dose of 12 grains daily produced thyroid intoxication 
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C Late onset after x-ray tJierapy 

One of the most striking features brought out by a study of these 
cases was the late onset of the myxedema after x-ray therapy for 
th 3 T:otoxicosis This has been previously noted by Means and Holmes 


0—0 



Fig 5 Lab No 628 Mrs M J Age 41 Onset of Myxedema 3 to S 
Years after X-Ray Therapy ( X ) for Toxic Goiter 

Symptoms noted shortly before radiation and removal of left breast for car- 
canoma (*) The patient is weU and has a standard normal metabohc rate on 
li grains of thyroid extract daily 

(8) m two patients In the 5 cases thus treated, the times of onset 
were as follows 


Case 

Tears after last *-roy 
treatment 

2 (fig 2) 

4 to 5 

4 (fig 41 

5 to 8 

5 (fig 5) 

3 to 5 

6 (table 1) 

4 

7 (Uble 11 

2 to 6 


(In this connection, it is of mterest that the onset of myxedema m the 
case of temporary myxedema following x-ray therapy was also late. 
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A\Tien next seen m this hospital m June, 1909, she was taking thyroid, but 
irregularly Her goiter and exophthalmos had disappeared She had no edema, 
her speech was normal and her faaal expression “only suggestive, but not char- 
acteristic of myxedemad’ Her tongue was large, her hair and sLm were dry and 
she felt chiUy She began takmg thjTxiid regularly and felt better In December, 
1910, it was regulated at 5 grains (Burroughs Wellcome) daily 

In the next rune years, she underwent four operations in other hospitals, tu'o for 
removal of Fallopian tubes, ovanes and uterus on account of menorrhagia, and 
two for henuae m the scars Durmg this bme, whenever thyroid extract was 
onutted she became myxedematous agam In January, 1920, at the time of her 
last operation, a high blood pressure was noted Her dose of thyroid varied from 

2 to 4 grams dady for some time thereafter In Apnl, 1926, she was m another 
hospital because of a recurrence of her myxedema She had her first basal metab- 
ohsm determmation, which was minus 28 per cent She was discharged im- 
proved on 3 grains of thyroid extract daily 

In September, 1926, she returned to this hospital because of faihng vision She 
stated that she was takmg 8 grains of thyroid (unknown brand) daily, but this was 
doubtful m view of her svmptoms She looked myxedematous Her face was 
puSy She was lethargic and always tued and sleepv Her voice was hoarse, 
her tongue large, her hau coarse and her skm dry Her heart was enlarged and 

238 

her blood vessels somewhat sclerosed Her blood pressure was — Her basal 

metabohsm was plus 3 per cent and her pulse rate 80 Thyroid was onutted until 
December 1926, durmg which tune her metabohsm fell to nunus 20 per cent, and 
her signs and symptoms became so pronounced that there was no doubt about the 
diagnosis of myxedema She had the high protem concentration m her spmal 
flmd and the albummuna so often present m this disease (9) She improved on 
gradually mcreasmg doses of Armour’s th 3 Troid extract The albummuna disap- 
peared and the protem content of the spmal flmd decreased markedly on this medi- 
cation (9) Four grams dady, however, produced sjmptoms of thyroid mtoxica- 
tion, VIZ , nausea, vonutmg, precordiaJ and epigastnc pam and palpitation These 
disappeared when thyro d was omitted for a short tune A dose of 2 grains dady 
was resumed This dose proved satisfactory, and mamtamed her metabohsm at a 
normal level for several months There were no signs nor sjmptoms of myxedema, 
and she felt as well as could be expected m view of her h 3 ^rtension After a 
time, however, she developed marked precordial pam and palpitation with a basal 
metabohc rate of plus 26 per cent It was agam necessary to stop the administra- 
tion of thiuoid extract Her mj’xedema recurred After an mterval of 5 months, 

3 grams of Armour’s thjuoid dady was started, but m a few days caused a recur- 
rence of her precordial pam The dose was finally regidated at J gram of Armour’s 
thjToid dady This has mamtamed the basal metabohc rate at a normal level 
has caused no precordial pam, and her m>'xedema has not recurred 



360 


MYXEDEMA POLLOWING THYROTOXICOSIS 


\\Tien next seen m this hospital m June, 1909, she was taking thyroid, but 
irregularly Her goiter and exophthalmos had disappeared She had no edema, 
her speech was normal and her faaal expression “only suggestive, but not char- 
acteristic of myxedemai” Her tongue was large, her hair and skm were dry and 
she felt chilly She began takmg thjTxiid regularly and felt better In December, 
1910, it was regulated at 5 grains (Burroughs Wellcome) daily 

In the next rune years, she underwent four operations in other hospitals, tu'o for 
removal of Fallopian tubes, ovanes and uterus on account of menorrhagia, and 
two for henuae m the scars Durmg this time, whenever thyroid extract ivas 
omitted she became myxedematous agam In January, 1920, at the time of her 
last operation, a high blood pressure was noted Her dose of thyroid varied from 

2 to 4 grams dady for some time thereafter In Apnl, 1926, she was m another 
hospital because of a recurrence of her myxedema She had her first basal metab- 
ohsm detemnnation, which was mmus 28 per cent She was discharged im- 
proved on 3 grains of thyroid extract daily 

In September, 1926, she returned to this hospital because of fading vision She 
stated that she was taking 8 gyams of thyroid (unknown brand) dady, but this was 
doubtful m view of her svmptoms She looked myxedematous Her face was 
pufiy She was lethargic and always tued and sleepv Her voice was hoarse, 
her tongue large, her hair coarse and her skin dry Her heart was enlarged and 

238 

her blood vessels somewhat sclerosed Her blood pressure was Her basal 

metabolism was plus 3 per cent and her pulse rate 80 Thyroid was omitted until 
December 1926, durmg which tune her metabohsm fell to mmus 20 per cent, and 
her signs and symptoms became so pronounced that there was no doubt about the 
diagnosis of myxedema She had the high protem concentration m her spmal 
flmd and the alb umin uria so often present m this disease (9) She improved on 
gradually mcreasmg doses of Armour’s thyroid extract The albummuna disap- 
peared and the protem content of the spmal flmd decreased markedly on this medi- 
cation (9) Four grams daily, however, produced sjmptoms of thyroid mtoxica- 
tion, VIZ , nausea, vomitmg, precordial and epigastnc pam and palpitation These 
disappeared when thyro d was omitted for a short time A dose of 2 grains dady 
was resumed This dose proved satisfactory, and mamtamed her metabohsm at a 
normal level for several months There were no signs nor sjmptoms of myxedema, 
and she felt as well as could be expected m view of her h 3 ^rtension After a 
time, however, she developed marked precordial pam and palpitation with a basal 
metabohc rate of plus 26 per cent It was agam necessary to stop the administra- 
tion of thjToid extract Her mj’xedema recurred After an mterval of 5 months, 

3 grams of Armour’s thjwoid dady was started, but m a few days caused a recur- 
rence of her precordial pam The dose was finally regidated at J gram of Armour’s 
thjToid dady This has mamtamed the basal metabohc rate at a normal level 
has caused no precordial pam, and her m>’xedema has not recurred 



362 


MYXEDEMA TOLLOVVTNG THYROTOXICOSIS 


basal metabobsm m the two cases m which the diagnosis of myxedema 
appeared to be defimte, are given below 

Case 11 (fig 6) Lab No 348 ® Mrs M B Age 38 In September, 1920, 
8 months after 6 x-ray treatments (endmg m January, 1920) for toxic goiter, she 
was chmcally well and had a basal metabolism of minus 3 per cent In February, 
1921, her metabolism was stdl normal, and the only symptom present was numb- 
ness of the hands She looked somewhat pale and her skm was a httle dry In 
August, 1921, li years after the x-rav treatment, her metabohc rate was down to 
mmus 35 per cent There had been a weight gam of 9 kgm smce 1920 She had 
not been well for 3 months She complamed of numbness of her hands, general 
weakness, pains m her legs on climbmg stairs, and marked consbpation She felt 
cold and did not perspue durmg the hot days She appeared dull Her face was 
expressionless, her speech slow and her skm dry and coarse Her bps were bluish 
and her face and conjunctivae pale A diagnosis of myxedema was made 

Thyroid extract was started This produced marked improvement and raised 
her metabobsm to standard normal by September, 1921 On two subsequent 
occasions, one m June, 1922, and one in August, 1922, when she omitted thvroid 
for 3 weeks, her rate fell to min us 23 per cent each tune, and she became tured and 
slowed up Her skin became dry and her face expressionless agam She resumed 
thyroid and felt perfectly well On November 9, 1926, at which time her metab- 
obsm was mmils 11 per cent, thyroid was omitted Her metabohc rate gradually 
feU, until by March, 1927, it was min us 23 per cent Until June, 1928, a penod of 
IJ years from the time thyroid was omitted, it ranged from mmus 8 to mmus 22 
per cent, with one observation of zero There was no return of symptoms of 
mvxedema Her hair and skm did not become drier There was no evidence of 
edema and no decrease m strength and energy She was not slowed up, never felt 
bke sleep mg in the daytime, and could do all her own housework without fabgue, 
nsmg at 6 a m and retirmg at 9 to 10 p m She looked weU and insisted that she 
felt ]U3t as well, if not better, than when taking th>'roid extract 

Case 12 (fig 7) Lab No 2940 Mrs EEC Age 48 This patient had a 
subtotal thyroidectomy for exophthalmic goiter on December 10, 1924 Up to 
March, 1925, her basal metabobsm ranged from rmnus 10 to mmus 16 per cent and 
she was exceptionally well By May, 1925, her metabohc rate was mmus 25 per 
cent Her memory was f ailin g and she was becommg weak and lethargic Her 

' Earber data on this case have been reported before as follows 
Hobnes, G W , (13) (X-ray No 3740) 

Means, J H and Holmes, G W , (8) 
hlore complete data have been reported bv 
Thompson W O , and Thompson, P K , (7) 

We wish to thank Dr J H Means for the use of the data on this case, which 
has been reported before bv Thompson, W O and Thompson, P K , (7) 
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hair was falling out and her voice was becoming husky A diagnosis of mj^edema 
was made Thyroid extract (Burroughs Wellcome), H grams daily, was started 
and gradually mcreased to 4 grams daily ^^^ule on this medication, her metab- 
ohsm did not nse above mmus 7 per cent, and usually ranged m the vicmity of 
minus 15 per cent She felt well and had no symptoms of myxedema In January, 
1927, nearly 2 years after startmg it, thxnroid was omitted From then until May, 
1927, her metabohsm ranged from mmus 17 to minus 28 per cent, and she felt as 
well as ever, except for some fatigue attributed to unusually heavy work that she 


0 



Fig 7 Lab No 2940 Mrs E B C Age 47 Onset of Temporary Myx- 
edema 4 TO 5 Months after Subtotal Thyroidectomy (arrow) for 
Exophthalmic Goiter 

For 4 months after first omission, and 7i months after last ormssion of thyroid 
extract, the patient has remamed healthy Her basal metabohc. rate is low, but 
apparently this is normal for her 

had undertaken at the time of omission of thyroid Thyroid m small doses was 
given again, without any clmical or metabohc effect In October, 1927, it was 
omitted for a second time Up to June, 1928, her metabohc rate was still low 
(mmus' 18 per cent) and she had expenenced no clmical change She had plenty 
of dn\ e and energiy and was bnght and alert She was able to take full care of an 
S-room house, run a chicken farm, and do a great deal of church and club work, 
including lecture tours, without undue fatigue m fact, she could outdo her fnends 
There was no evidence of mj^edema 
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hair was falling out and her voice was becoming huskv A diagnosis of mj^edema 
was made Thyroid extract (Burroughs Wellcome), H grains daily, was started 
and gradually mcreased to 4 grams daily ^^^llle on this medication, her metab- 
ohsm did not nse above mmus 7 per cent, and usuallv ranged m the vicmity of 
minus 15 per cent She felt weU and had no symptoms of myxedema In January, 
1927, nearly 2 years after startmg it, thxnroid was omitted From then until May, 
1927, her metabohsm ranged from mmus 17 to minus 28 per cent, and she felt as 
weU as ever, except for some fatigue attributed to unusually heavy work that she 
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edema 4 TO 5 Months after Subtotal Thyroidectomy (arrow) for 
Exophthalmic Goiter 

For 4 months after first omission, and 7J months after last ormssion of thyroid 
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had undertaken at the tune of omission of thyroid Thyroid m small doses was 
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omitted for a second time Up to June, 1928, her metabohc rate was still low 
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including lecture tours, without undue fatigue m fact, she could outdo her friends 
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that of myxedem^ following subtotal thyroidectomy, i e , about 1 per 
cent whereas, after x-ray, the mcidence was about 4 per cent This 
suggests that x-ray had a definite influence m causmg the m 3 ocedema m 
our senes The number of cases on which these figures are based 
however, is necessarily so small that one cannot place much rehance 
upon such apparent differences m madence In any event, the 
madence of m)rsedema foUowmg x-ray therapy of the th 5 Troid is not 
great enough to constitute a contramdication to this form of treat- 
ment 

If the m 3 rxedema be an x-ray effect, it is similar m its late onset to 
such other x-ray effects as skm atrophy and telangiectasis, and is prob- 
ably due to a very slow fibrosis of the thyroid gland tissue Skm and 
gland changes do not go hand m hand however In only one case of this 
senes was there any evidence of skm changes Case 4, treated m the 
year 1916 before the techmque was perfected, shows a small amount 
of telangiectasis Thus, if the m 3 rtedema be due to x-ray therapy, 
sufficient dosage to destroy thjuoid tissue m 5 cases, affected the skm 
over the gland m only one case On the other hand, we have a patient 
first treated in the year 1915 who now shows considerable telangiec- 
tasis, but who stiU has thyrotoxicosis If the change produced m the 
gland IS m the nature of a gradual fibrosis, it evidently does not pre- 
clude a restoration of gland function at a later date, as shown by case 
1 1 (fig 6) , where myxed ema occurred over a year after x-ray treatment 
and persisted for at least 1 year, but did not recur up to 1| years after 
omission of th}T:oid extract Another x-ray effect which might be con- 
sidered comparable to this is that of restoration of function of the 
ovaries after it has been suspended by x-ray treatment Here, how- 
ever, the onset of the ovanan defiaency is immediate, and not delayed, 
as may be the onset of thyroid defiaency 

The fact that the myxedema may be temporary has an important 
bearmg upon th 5 rroid therapy It shows the desuability of penodic 
omissions of this medication m order to prevent unnecessary adrmnis- 
tration, m a certam number of cases 

SUMMARY AND CONCLUSIONS 

1 Myxedema foUowmg treatment for thyrotoxicosis may be 
either temporary or permanent 
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often seen After about 20 hours, or sometimes earlier if a meal of 
meat is eaten, the dogs become definitely dl, refuse to move about 
unless urged, and usually have fibrillary tremors which can be felt in 
most of the skeletal muscles Visible twitchmg of the paws and lips 
soon follows and becomes more marked durmg the next 12 hours 
Violent general convulsions are sometimes seen, especially when 
aroused by some outside stimulus such as handhng At this stage a 
foul bloody diarrhea is frequently seen with vomiting of black matenal 
contaming changed or even fresh blood The dogs then grow grad- 
ually weaker and the convulsive twitchmg becomes more feeble or 
disappears There may be coma, but more often there is a profound 
weakness with consciousness retained Death most often occurs 
between 48 and 60 hours after the dose and is usually from weakness or 
exhaustion but occasionally comes suddenly in the rmdst of a con- 
^nllslve seizure Commlsive symptoms are occasionally entirely 
absent and death follows a period of depression and coma 
As has been previously noted by Lamson (1), Meyer and Pessoa 
(3), and Davis (4), the most obvious damage done by carbon tetra- 
chloride IS to the liver At autopsy this organ appears yellowish and 
the lobules are defimtely outlined with red central areas surrounded 
by yellow tissue On section this same appearance is seen throughout 
the tissue The liver feels very greasy and is so soft and fnable that 
It can be readily mashed in the fingers Sometimes the lobes contain 
cracks from which loss of blood mto the pentoneal cavity may have 
reached the proportion of severe hemorrhage This findmg is most 
common m the type of death mentioned above which ensues rapidly 
m the rmdst of a convulsive seizure In such cases as much as a liter 
of blood may be found m the abdommal cavity and this hemorrhage 
is apparently the immediate cause of death More commonly, how- 
ever, the hver though congested and fnable is not ruptured The 
gastro-mtestmal tract usually contains old blood and sometimes fresh 
blood is seen oozing from numerous hemorrhagic areas m the pylonc 
end of the stomach and upper third of the small mtestme Congestion 

m these portions of the tract is very marked and is not due to the 
local imtation of carbon tetrachloride smce the same doses of the 
drug cause no such condition in adequately protected animals The 
kidnejs show no very stnkmg abnormahty though some 'congestion 
is often noted 
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by tbe early administration of calamn the majonty of dogs can be 
cured by persistent medication dunng the 3 or 4 days of severe 
mtoxication 

Typical protocols of 2 of about 25 dogs cured by calcium therapy 
serve to illustrate the usual course of treatment The first dog 
reported reqmred medication somewhat longer than is usually neces- 
sary after receivmg 4 cc of carbon tetrachloride per kilogram The 
case is otherwise perfectly typical and is chosen for presentation here 
because it illustrates the use of several forms of calaum therapy The 
second dog reqmred less persistent treatment but m other respects is 
very similar to the first one Later work has shown the madvisabdity 
of allowmg poisoned or convalescent dogs to eat meat but this pomt 
was not appreaated at the time of these particular experiments 

Protocol, Case T D 11 Bnndle and white male, weight 7 9 kgm On low 
calaum meat diet 2 to 3 weeks before experiment 

January 22, 1927 

3 00 p m Received 4 cc CQ 4 per kilogram by stomach tube — total dose 
31 6 cc 
January 23, 1927 

9 00 a m Has shght twitchmg of paws and lips 

10 00 ajn Given 100 cc of 5 per cent calaum lactate by stomach tube 

2 00 p m Appears very sick, breathmg irregularly due to spasmodic 
contractions of the diaphragm 

6 00 p m Has violent tetanic convulsions Given 500 mgm of CaClj 
mtravenously as 5 p>er cent solution 

6 30 p m Seems much better — convulsions have ceased entirely 

8 00 p m Dog is perfectly qmet, consaous but weak 

9 00 pjn Shght muscular twitchmg reappears Given 350 mgm of CaCb 

mtravenously as 1 per cent solution Dog vomited undigested meat 
eaten two days before 

10 00 pm Seems much better, walks around the room, has no tremor 
January 24, 1927 

10 00 am Seems rather weak but has no convulsive s 3 Tnptoms Given 
100 cc of milk and 100 cc 5 per cent calaum lactate by stomach tube 

2 00 pm Condition unchanged Given 150 cc of milk, 100 cc 5 per cent 
calaum lactate by stomach tube 

8 00 pm Condition unchanged Given 150 cc of milk, 100 cc 5 per cent 

calaum lactate by stomach tube 
January 25, 1927 

9 00 a m Has fine tremor m paws Given 100 cc of milk, 50 cc 5 per cent 

calaum lactate and 1 egg by stomach tube 
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Protocol, Case T D 3Z Weight 7 8 kgm On low calaiun meat diet for 
3 weeks before e^enment 

February 28, 1927 

3 00 p m Given 4 cc CCU per kilogram by stomach tube — total dose 
31 2 cc 

8 00 pjn Resting qmetly 
March 1, 1927 

9 00 a m Good condition 

10 00 a m Given 50 cc molar NH4CI by stomach tube 

2 00 p m Given 50 cc molar NH4CI by stomach tube 

3 30 p jn Given 100 cc 5 per cent calaum lactate, 100 cc of milk and 1 egg 

by stomach tube 

9 00 p m Good condition Given 100 cc 5 per cent calaum lactate by 
stomach tube 
March 2, 1927 

9 00 am Fair condition Gwen 30 cc molar NH4CI, 175 cc of milk and 

1 egg by tube — ^vomited 

12 15 p m Dog lying on side with violent muscle twitching — is only semi- 
consoous Gwen 450 mgm CaCls mtravenously as 5 per cent solution 
The twitchmg stops withm 20 mmutes and the dog stands up apparently 
normal 

8 00 p m Still m good condition Given 50 cc 5 per cent calaum lactate 
and 100 cc of nulk by stomach tube 

10 00 pm The eight o’clock medication was repeated 

March 3, 1927 Dog m good condition Has good appetite and eats a meal of 
meat, bread, a bttle rmlk and 5 grams of a mixture of calaum lactate and 
carbonate 

March 4, 1927 Dog m good condition Eats weU, apparently normal 
March 5, 1927 Discharged 

Of more practical mterest than the treatment of poisoned animals is 
the highly protective action of a prelimmary course of a diet high m 
calaum This is obtamed by the daily addition of about 5 grams of a 
mixture of calaum carbonate and lactate to the meat diet for 1 to 3 
weeks before givmg carbon tetrachloride From a total of 105 dogs 
on a low calaum meat diet used for various experiments, 84 died with 
typical symptoms following 4 cc of carbon tetrachlonde per kdogram 
Of the 21 survivmg, 6 were desperately lU for several days, 6 refused 
to eat meat after the admmistration of carbon tetrachlonde, and 9 
showed no senous symptoms In contrast to this 75 from a total of 95 
on a diet of meat and calaum salts showed no senous s 3 miptoms 
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Protocol, Case T D 32 Weight 7 8 kgm On low calaum meat diet for 
3 weeks before experiment 

February 28, 1927 

3 00 p m Given 4 cc CCI4 per kilogram by stomach tube — total dose 
31 2 cc 

8 00 pjn Restmg qmetly 
March 1, 1927 

9 00 a m Good condition 

10 00 a m Given 50 cc molar NH4CI by stomach tube 

2 00 p m Given 50 cc molar NHiCl by stomach tube 

3 30 pun Given 100 cc 5 per cent calcium lactate, 100 cc of milk and 1 egg 

by stomach tube 

9 00 p m Good condition Given 100 cc 5 per cent calaum lactate by 
stomach tube 
March 2, 1927 

9 00 ajn Fair condition Given 30 cc molar NH4CI, 175 cc of milk and 

1 egg by tube — ^voimted 

12 15 p m Dog lying on side with violent muscle twitchmg — is only semi- 
consoous Given 450 mgm CaClj mtravenously as 5 per cent solution 
The twitchmg stops withm 20 mmutes and the dog stands up apparently 
normal 

8 00 p m Still m good condition Given 50 cc 5 per cent calaum lactate 
and 100 cc of milk by stomach tube 

10 00 p m The eight o’clock medication was rejieated 

March 3, 1927 Dog m good condibon Has good appetite and eats a meal of 
meat, bread, a httle milk and 5 grams of a mixture of calaum lactate and 
carbonate 

March 4, 1927 Dog m good condibon Eats well, apparently normal 
March 5, 1927 Discharged 

Of more practical mterest than the treatment of poisoned animals is 
the highly protective action of a prelimmary course of a diet high m 
calaum This is obtamed by the daily addition of about 5 grams of a 
mixture of calaum carbonate and lactate to the meat diet for 1 to 3 
weeks before givmg carbon tetrachloride From a total of 105 dogs 
on a low calaum meat diet used for various experiments, 84 died with 
typical symptoms following 4 cc of carbon tetrachlonde per kilogram 
Of the 21 surviving, 6 were desperately lU for several days, 6 refused 
to eat meat after the admmistratiou of carbon tetrachlonde, and 9 
showed no senous symptoms In contrast to this 75 from a total of 95 
on a diet of meat and calaum salts showed no senous symptoms 
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TABLE 1 


Icteric uidtces determined* before and at intervals after administration of 4 u of CCU per 
kilogram to dogs on high and low calcium meat diets 



Indices observed at indicated time mtervals 


Number of dog 

Before 

1 After dose ^ 

Final outcome 


dose 

24 hours | 

48 hours 

72 hours 

96 hours 



Low calaum — meat diet 


27-10-3 

0 


16 8 



Died 

120 hours 

27-10-16 

0 

mSm 




Died 

36 hours 

27-10-18 

0 





Died 

40 hours 

27-11-14 

0 





Died 

35 hours 

27-11-15 

0 

6 6 

10 6 



Died 

48 hours 

27-11-16 

0 


9 3 



Died 

48 hours 

27-11-18 

0 

11 1 




Died 

25 hours 

27-11-27 

0 





Died 

24 hours 

27-11-29 

0 


5 8 



Died 

70 hours 

T D 68 

0 

3 1 

2 6 

6 6 


Died 

90 hours 

T D 71 

0 


3 5 



Died 

70 hours 

T D 74 

0 

1 5 

10 4 



Died 

60 hours 

T D 75 

0 

2 5 

7 6 



Died 

49 hours 

T D 76 

0 

2 0 

8 0 



Died 

50 hours 

T D 46 

0 


9 0 



Died 

49 hours 

T D 45 

0 


14 Of 



Died 

33 hours 

T D 59 

0 


14 3 

20 8t 


Died 

60 hours 

T D 61 

0 

2 0 

19 3 

23 6 


Died 

80 hours 

T D 62 

0 

8 2 1 

13 7 



Died 

54 hours 

T D 63 

0 

5 2 

7 5 



1 Died 

26 hours 

L T 22 

0 

1 0 

5 5 

7 7 

15 0 

Died 

110 hours 

L T 23 

0 

2 7 

7 2 



Died 

48 hours 

L T 26 

0 

1 0 

4 6 

26 0 

25 0 

Died 

98 hours 

28-6-3 

0 

6 3 

12 It 



Died 

36 hours 

28-6-4 

0 

1 0 

2 0 

Trace 


Recovered 

27-10-17 

0 

0 

1 0 



Recovered 

27-9-1 

0 



7 0 

3rs 

Recovered 

29-9-2 

0 


4 0 

3 2 

0 

Recovered 

28-6-1 

0 

2 8 

8 2 

2 8 


Recovered 

28-6-2 

0 

1 5 

3 5 

2 0 


Recovered 

27-11-23 

0 

4 5 

14 0 



KiUed for tissues 

27-11-13 

0 

8 4 

12 0 



Killed for tissues 

27-11-28 

0 

5 5 

7 8 



Killed for tissues 
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of any clean-cut difference m the degree of derangement of these 
functions m the two groups Some cases show a retention of phenol- 
tetrachlorphthalem but these are as hkely to be found m one group as 
the other Furthermore, although there is a very defimte decreased 
tolerance for levulose m the majority of cases which have received 
carbon tetrachloride there is a disappomtmg lack of parallehsm be- 
tween the seventy of symptoms and the degree of hyperglycemia 
produced by the ingestion of a given amount of levulose 

Blood chemistry a Bihrubtnemia The detenmnation of bih- 
rubin m the blood serum either by van den Bergh's method (7) or 
more simply by the determination of the ictenc mdex by a modifica- 
tion of Bernheim’s technique (8) furnished data more nearly parallel 
with the seventy of symptoms In table 1 are presented ictenc 
mdices deterrmned at intervals after carbon tetrachlonde admims- 
tration to dogs m the high and low calaum groups descnbed above 
In general the bihrubinemia tends to be much more severe m the 
animals on low calcium diet than m those protected by high calaum 
Exceptions to this rule are usually seen m the occasional unexplained 
atypical cases in each group The retention of bile pigments begms 
to be noticeable 12 to 20 hours after the dose of carbon tetrachlonde, 
and usually as the bihrubinemia becomes severe the more acute 
symptoms appear The reason for the lower concentration of bih- 
rubm in the blood of animals on high calcium diets is still unexplained 
An observation which suggests a possible theory is the much greater 
tendency for the tissues of high calcium animals to appear jaundiced 
It may be possible that tissues well laden with calaum tend to hold 
bihrubm, perhaps m combmation with calcium, preventmg its accu- 
mulation in the blood stream 

b Blood calciwn detenmmtions* The total blood calaum levels 
of normal dogs determined by Clark and CoUip’s modification of 
TisdaU’s method (9) showed no consistent differences m the two groups 
and ranged between 10 5 and 12 0 mgm per 100 cc of serum During 
severe mtoxication there is no significant change in the total calaum 
concentration The figures are withm normal limits with a tendency 
in many cases to average shghtly higher than the preliminary level 
before receivmg carbon tetrachlonde No data have yet been ob- 
tamed regardmg possible changes m the ionized fraction of the total 
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results so no speaal table of blood sugar figures is inserted at this 
poult 

Bnefly summarized, the mtoxication produced by carbon tetra- 
chloride m susceptible animals is characterized by gastro-mtestmal 
irritation, nervous disturbances and convulsions, followed by weak- 
ness, depression, and death There is a retention of bile pigments in 
tlie blood and a more or less severe hypoglycemia These symptoms 
are aggravated by eatmg meat and may be prevented or cured by the 
administration of calcium salts 

Points of similarity between carbon tetrachloride inioxtcation and 
experimental guanidine poisoning 

The foregomg pathologcal picture calls to mmd similar ones de- 
scnbed m the hterature as typical of guamdme poisonmg As early 
as 1876 Gergens and Baumann (16) descnbed the effect of mtravenous 
mjections of guamdme sulphate m frogs and mammals Dogs and 
rabbits showed weakness, fibnUary twitchmg of muscles, convulsions 
and death following mjection Putzeys and Swaen (17), Fuhner 
(18) (19) Camis (20) and others contnbuted numerous studies on the 
action of guamdme compoimds on various parts of the nervous system 
and on the skeletal musculature of frogs — Fuhner bnngmg out the 
antagomsm which exists between the actions of calcium salts and 
guamdme on these structures More extensive mammalian expen- 
ments were reported by Watanabe (21) (22) (23) (24) (25) m a senes 
of papers m which he agam descnbed the nervous s)Tnptoms, studied 
mtrogeu metabolism, and reported that a severe hypoglycemia was 
mduced This he ascnbed to a condition of aadosis which he 
beheved was mdicated by mcreased ammoma excretion m the unne 
Gyorgy and VoUmer (26) however discredited the aadosis theory and 
found rather a condition of alkalosis and reported that the symptoms 
of guamdme mtoxication can be reheved by the admimstration of 
hydrochlonc aad either mtravenously or by mouth Paton and 
Fmdlay (27) studied the intoxication produced by guamdme or 
methyl guamdme and descnbed symptoms very s imil ar to the tetany 
seen after parathyroidectomy and beheved that the two conditions 
are identical Perhaps the most complete pharmacological and 
toxicological study of guamdme compounds which we have is a paper 
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mtrogen metabohsm, and reported that a severe hypoglycemia was 
mduced This he ascnbed to a condition of aadosis which he 
beheved was mdicated by mcreased ammoma excretion m the urme 
Gyorgy and VoUmer (26) however discredited the aadosis theory and 
found rather a condition of alkalosis and reported that the s 3 Tnptoms 
of guamdme mtoxication can be reheved by the admmistration of 
hj^drochlonc aad either mtravenously or by mouth Paton and 
Fmdlay (27) studied the intoxication produced by guamdme or 
methyl guamdme and descnbed symptoms very similar to the tetany 
seen after parathyroidectomy and beheved that the two conditions 
are identical Perhaps the most complete pharmacological and 
toxicological study of guamdme compounds which we have is a paper 



380 CAilBON TETRACHLORIDE AND CHLOROEORM POISONING 

results so no speaal table of blood sugar figures is inserted at this 
point 

Briefly sununanzed, the intoxication produced by carbon tetra- 
chloride in susceptible animals is characterized by gastro-intestmal 
irritation, nervous disturbances and convulsions, followed by weak- 
ness, depression, and death There is a retention of bile pigments m 
the blood and a more or less severe hypoglycemia These symptoms 
are aggravated by eatmg meat and may be prevented or cured by the 
admmistration of calaum salts 

Points of sumlanty between carbon tetrachloride intoxication and 
experimental guanidine poisoning 

The foregomg pathological picture calls to mind similar ones de- 
scnbed m the hterature as typical of guamdme poisomng As early 
as 1876 Gergens and Baumann (16) descnbed the effect of mtravenous 
mjections of guamdme sulphate in frogs and mammals Dogs and 
rabbits showed weakness, fibnUary twitching of muscles, convulsions 
and death foUowmg mjection Putzeys and Swaen (17), Fuhner 
(18) (19) Camis (20) and others contnbuted numerous studies on the 
action of guamdme compounds on vanous parts of the nervous system 
and on the skeletal musculature of frogs — Fuhner brmgmg out the 
antagomsm which exists between the actions of calcium salts and 
guamdme on these structures More extensive mammahan experi- 
ments were reported by Watanabe (21) (22) (23) (24) (25) m a senes 
of papers m which he agam descnbed the nervous symptoms, studied 
mtrogen metabohsm, and reported that a severe hypoglycemia was 
mduced This he ascnbed to a condition of acidosis which he 
beheved was mdicated by mcreased ammoma excretion m the unne 
Gyorgy and VoUmer (26) however discredited the aadosis theory and 
found rather a condition of alkalosis and reported that the s 3 Tnptoms 
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hydrochlonc aad either mtravenously or by mouth Baton and 
Fmdlay (27) studied the intoxication produced by guamdme or 
methyl guamdme and descnbed symptoms very similar to the tetany 
seen after parathyroidectomy and beheved that the two conditions 
are identical Perhaps the most complete pharmacological and 
toxicological study of guamdme compounds which we have is a paper 
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from normal dunng mtoxication xs mcreased rather than decreased by 
the correction Smce we wished to keep the volume of blood reqinred 
for each determination as small as possible m order to make repeated 
studies on the same animal at short mtervals — these corrections were 
not apphed except m a few preliminary observations The figures 
given in table 3 are the uncorrected values obtamed We therefore 
make no claim for their absolute accuracy withm 0 2 to 0 3 mgm per 
100 cc of blood We know the values are as a rule shghtly high We 
do however make the pomt that the rise in color producmg substances 
occurs without a correspondmg mcrease m blood constituents other 
than guamdme known to give color with the reagent used We 
beheve this nse to be due to an accumulation of guanidine compounds 
m the blood 

A descnption of our exact procedure which is practically that of 
Major and Weber (35) follows 10 cc of oxalated blood are preap- 
itated m a 100 cc volumetric flask by the Tohn-Wu (37) method for 
protein preapitation with the smgle difierence that 2/3 N hydro- 
chloric aad is used m place of 2/3 N sulphunc aad Fifty cubic 
centimeters of the protem free filtrate are evaporated slowly to dryness 
on a hot plate or steam bath The dry residue is then extracted 
repeatedly with small amounts of hot absolute alcohol with careful 
loosemng of the residue with a rubber pohceman to msure complete 
extraction of guamdme The successive alcohohc extracts are filtered 
through a small filter and the total of 30 to 40 cc of filtrate collected 
m a small beaker and evaporated just to dryness on a hot plate 
Care should be exerased not to char the residue The residue m the 
beaker is then dissolved m 5 cc of distiUed water and to this solution 
1 cc of the freshly prepared guamdme reagent descnbed above is 
added If the resultmg colored solution is not perfectly dear it is 
shaken with a little powdered banum carbonate and filtered through 
a small high grade filter paper The dear filtrate is allowed to stand 
15 minutes and compared m a colorimeter with an appropnate 
standard solution of guamdme hydro chlonde treated with the same 
reagent Fifty cubic centimeters of protem free filtrate representmg 
5 cc of normal blood usually reqmre a standard contammg 0 02 mgm 
of guamdme (calculated as guamdme) m 6 cc Abnormal bloods may 
reqmre standards as high as 0 2 mgm m the same volume 
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t 

sen’^ed with toluene remains unchanged for at least a month but we 
have usua% prepared a fresh supply at shorter mtervals When a 
senes of unknowns are bemg analyzed it is well to prepare a senes of 
standards because, as m aU colonmetnc work, it is not advisable to 
read agamst a standard color very different from that of the unknown 
solution 

The results in table 2 show the accuracy of this procedure m deter- 
mimng guamdine m pure solutions, normal blood, and m blood to 
which mcreased amounts of interfenng substances have been added 
From these figures it appears that only m extreme mtrogen reten- 
tion could the apparent mcrease m guamdme be attnbuted to the 
mterference of the usual blood constituents In repeated tests made 
b}’’ us and m an earher rather extensive study by Lamson (l) no such 
retention was found m carbon tetrachloride poisonmg 

Dcterininahon of guamdtne and sugar levels m hlood of dogs during 
carbon tetrachloride and chloroform poisoning and after guanidine 

administration 

The method just descnbed was apphed to the study of blood samples 
taken before and at intervals after the admmistration of carbon 
tetrachlonde to dogs under various conditions which are known to 
affect the toxiaty of the drug These figures, together with blood 
sugar and ictenc mdex deteimmations on the same samples, are 
arranged m groups m table 3 and are discussed separately under 
appropriate headmgs 

Carbon tetrachlonde poisoning until high and low calcium meat diets 

There is a tendency for the guamdme content of the blood to mcrease 
shghtly several hours after the dose of carbon tetrachlonde This 
tendency is much exaggerated if meat is eaten Because of the 
importance of meat in this respect animals even when on a low calcium 
diet sometimes escape serious symptoms if they persistently refuse to 
eat after receivmg carbon tetrachlonde From the table it is seen 
that a nse m guamdme is followed withm a few hours by a faU m 
blood sugar The difference in the high and low calaum groups on 
meat diet (A and B) seems to he m the seventy of the subsequent 
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TABLE 3 — Continued 


Dog number 

Hours after dose 

Guam 

dine 

Blood 

sugar 

Icteric 

Indei 

Remarks 

Group B — ^Dogs on meat — High calcium diet — 4 cc 

ecu per kilogram 



mim 

tngm 



28-6-7 

Prehmmary 

0 48 

100 

0 


Weight 7 1 kgm 

21 hours 

0 48 

93 


Ate meat calaum 22 






hours after dose 


27 hours 

0 51 

80 

1 0 

Good condition 


45 hours 

0 ^5 

92 

1 0 

Ate meat -f- Ca salts 46 





hours after dose 


51 hours 

1 33 

83 


Good condition 


72 hours 

0 49 

95 


Good condition — recovered 

28-6-8 

Prehmmaiy 

0 37 

88 

0 


Weight 8 4 kgm. 

21 hours 

0 44 

88 


Very qmet — refused to eat 


27 hours 

0 66 

87 

9 8 



45 hours 

0 55 

78 

10 0 

Refused to eat 


72 hours 

0 89 

84 

8 6 

Ate a httle meat + calaum 

1 

96 hours 

0 40 

90 

2 0 

Recovered 

28-6-9 

Prehmmary 

0 40 

95 

0 


Weight 8 1 kgm 

21 hours 

0 40 

80 




27 hours 

0 96 


3 1 

Ate meat -f- calaum at 22 






hours 


45 hours 

0 50 

87 

2 5 

Ate meat + calaum at 46 


1 

1 



hours 


51 hours 

0 88 

78 




72 hours 

0 46 

84 

Trace 

Well — discharged 

28-6-10 

Prehmmary 

0 34 

93 

1 

0 

Ate meat at 22 hours 

Weight 7 0 kgm. 

21 hours 

0 44 

78 



27 hours 

0 96 

64 

3 5 



45 hours 

1 1 63 

69 

2 5 

Refused to eat 


72 hours 

1 71 

66 

10 8 

Very sick 


96 hours 

0 80 

70 

5 0 

Much better 


120 hours 

0 40 

80 

2 0 

Recovered 

28-2-3 

Preliminary 

0 47 

75 



Weight 9 9 kgm. 

6 hours 

0 50 

100 


Refused to eat 


24 hours 

0 66 

43 


Very qmet and sick 


48 hours 

0 61 

42 

10 0 

Ate meat calaum salts— 






very qmet 


72 hours 

0 61 

68 

12 5 



102 hours 

0 30 

56 


Did not eat 


132 hours 

0 33 

83 


Recovered 
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TABLE 3 — Continued 


Dog number 

Hours after dose 

Guam 

dine 

Blood 

Bugar 

Icteric 

index 

Remarks 

Group B — ^Dogs on meat — ^High. calcium diet — 4 cc 

ecu per kilogram 



mtm 

mtm 



28-6-7 

Preliminary 

0 48 

100 

0 


Weight 7 1 kgm 

21 hours 

0 48 

93 


Ate meat -f- calaum 22 






hours after dose 


27 hours 

0 51 

80 

1 0 

Good condition 


45 hours 

0 ^5 

92 

1 0 

Ate meat -f- Ca salts 46 





hours after dose 


51 hours 

1 33 

83 


Good condition 


72 hours 

0 49 

95 


Good condition — recovered 

28-6-8 

Prehmmaiy 

0 37 

88 

0 


Weight 8 4 kgm. 

21 hours 

0 44 

88 


Very qmet — refused to eat 


27 hours 

0 66 

87 

9 8 



45 hours 

0 55 

78 

10 0 

Refused to eat 


72 hours 

0 89 

84 

8 6 

Ate a httle meat + calaum 

1 

96 hours 

0 40 

90 

2 0 

Recovered 

28-6-9 

Preliminary 

0 40 

95 

0 


Weight 8 1 kgm 

21 hours 

0 40 

80 




27 hours 

0 96 

95 

3 1 

Ate meat + calaum at 22 






hours 


45 hours 

0 50 

87 

2 5 

Ate meat + calaum at 46 






hours 


51 hours 

0 88 

78 




72 hours 

0 46 

84 

Trace 

Well — discharged 

28-6-10 

Preliminary 

0 34 

1 

93 

0 


Weight 7 0 kgm. 

21 hours 

0 44 

78 


Ate meat at 22 hours 


27 hours 

0 96 

64 

3 5 



45 hours 

1 63 

69 

2 5 

Refused to eat 


72 hours 

1 71 

66 

10 8 

Very sick 


96 hours 

0 80 

70 

5 0 

Much better 


120 hours 

0 40 

80 

2 0 

Recovered 

28-2-3 

Prehminary 

0 47 

75 



Weight 9 9 kgm. 

6 hours 

0 50 

100 


Refused to eat 


24 hours 

0 66 

43 


Very qmet and sick 


48 hours 

0 61 

42 

10 0 

Ate meat + calaum salts— 






very qmet 


72 hours 

0 61 

68 

12 5 



102 hours 

0 30 

56 


Did not eat 


132 hours 

0 33 

83 


Recovered 
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TABLE 3 — Contxnutd 


Dog number 

Hours after dose 

Guam 

dioe 

I Blood 
j sugar 

Ictenc 

Index 

Remarks 

Group D- 

—Dogs receivmg 4 cc CCU -t- 4 cc alcohol per kilogram 



mgm 

mgm 



28-4-8 

Prehmmary 

0 34* 

73 

0 


Low calaum meat 

20 hours 

1 06 

65 

11 7 

Ate httle meat — vomited it 

diet 

Weight 4 4 kgm 

25i hours 

0 75 

20 


Just dead — died qmetly 

28-4-9 

Prelimmary 

0 37 

78 



Low calaum meat 

20 hours 

0 42 

51 


Tetanic convulsions 

diet 

33 hours 

0 66 

20 


Tetamc convulsions and 

Weight 4 3 kgm 





death 

284r-ll 

Prehminaiy 

0 46 

78 

0 


Low calaum meat 

20 hours 

1 23 

78 


Ate meat at 21 hours 

diet 





Tremors noted 

Weight 5 6 kgm. 

43 hours 

1 61 

50 

15 9 

In coma — died few mmutes 


1 




later 

28-4-12 

Preliminary 

0 48t 

71 

0 


Low calaum meat 

20 hours 

0 80 

62 

4 9 

Ate meat at 21 hours 

diet 

26 hours 

1 60 

54 


Qmte sick — qmet 

Weight 4 8 kgm 

34 hours 

0 83 

48 


Very sick — barely con- 






saous — died 2-3 hours — 
later 

28-2-20 

Prehmmary 

0 48 

86 

0 


blued diet High 

4 hours 

0 46 

79 


Ate meat at 5 hours 

calaum 

7 hours 

0 76 

68 



Weight 10 9 kgm 

11 hours 

1 20 

43 


Muscle twitchmg 


24 hours 

1 26 

25 


Very sick — lymg on side — 






muscle twitching 


30 hours 

0 87 

23 

9 3 

Violent tetamc convul- 






sions — died shortly after 
last sample 


• The corresponding creatine concentrations for this and the following blood samples 
of this animal are 3 11,2 39, and 2 43 mgm per 100 cc of blood respectively 

t The corresjxmdmg creatme concentrations for this and the followmg blood samples 
of this a nimal are 3 00, 1 25, 1 20 and 1 00 mgm per 100 cc. of blood respectively 
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Dog number 


TABLE 3 — Conlinuti 


Hours after dose 

Guam 

dine 

Blood 

sugar 

Icteric 

index 


Remarks 


Group F — Experimental guanidine poisoning— Contmued 


28-7-10 

Prelurunary 

mtm 

0 40 

Low calaum meat 

4 hours 

3 84 

diet 



Weigiit 8 1 kgm 

6 hours 

3 68 

200 mgm guamdme 



hydrocHonde per 

8 hours 

2 22 

kgm subcuta- 



neously 

11 hours 

1 so 


mim 

1 


80 

0 


62 


Restless, nausea, fibrillary 
twitchmg of muscles 

51 


Extensor spasms when 
handled 

42 


Qmet unless handled, then 
convulsions 

37 

0 

Bloody diarrhea — quiet — 
imconsaous Died few 
mmutes later 


hypoglycemia rather than m the concentrations of guamdme reached 
Further evidence that calcium is responsible for the avoidance of 
dangerously low blood sugar levels in the animals m Group B is 
furnished by later experiments (see chart A) m which rapidly falling 
blood sugar concentrations are mEimtamed above the danger level 
by the administration of calaum salts One of the few exceptions 
to the usual rule of low resistance to mtoxication m low calcium 
animals is represented m the second member of Group A In spite of 
low calaum mtake and the production of a high guamdme concen- 
tration m the blood a safe blood sugar level is mamtained The low 
ictenc mdex too is like those seen m animals on high calcium diet 
In the other direction an occasional animal on high calaum diet wiU 
succumb with the same symptoms and blood changes shown by 
animals on defiaent calaum diet We have been unable to avoid a 
few such disaepancies m each group However, when a condition 
IS bemg studied m which nitrogen, sugar, and calaum metabolisms 
seem aU to be involved this is perhaps not to be wondered at Feedmg 
calaum cannot guarantee its absorption and utihzation, nor can dogs 
with varymg previous life histones aU be brought to comparable 
degrees of calaum lack by 2 or 3 weeks of speaal diet 
Carhoii tetrachloride -poisoning with bread and milk diet To avoid 
the nse m guamdme produced by eatmg meat 10 animals were run on 
bread and imik diet and aU gave consistent results Three t3rpical 
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Dog number 
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chlonde which produce sumlar symptoms do so by producmg com- 
parable concentrations of guamdine in the blood To demonstrate 
this 12 cases of guamdme poisoning have been studied and the con- 
centrations of guanidine in the blood detenmned All cases gave 
similar results and three are included m Table 3 as Group F Our 
figures are m close agreement with those reported by Major, Orr and 
Weber (38) Although the values range somewhat higher than those 
usually reached in carbon tetrachlonde poisomng they are still of 
the same general order of magnitude It must also be remembered 
that m carbon tetrachlonde and chloroform poisomng the depression 
of ionized calaum due to the retention of bile pigments would tend to 
mcrease the effect of a given concentration of guanidine above that 
produced m a normal animal 

The effect of calctum on the hypoglycemias seen m carbon tetrachlonde 
intoxication and guanidine poisoning 

LooLmg back to the protocols descnbmg the prompt rehef follow- 
mg the admimstration of calamn salts to dogs with severe carbon 
tetrachlonde mtoxication, it seems probable that a large factor m the 
'cures must have been a restoration to normal of the very low blood 
sugar levels Underhill and Blatherwick (39) (40) have shown that 
the hypoglycemia after parathyroidectomy can be reheved by calaum 
administration Watjmabe (24) was, however, unable to influence the 
low blood sugar levels produced by guanidine admimstration by the 
subcutaneous admmistration of calaum lactate We beheve that this 
failure was due to madequate calaum therapy The subcutaneous 
admmistration of calaum lactate is a very slow way of furmshmg 
calaum ions to cases of such acute need as is seen m guamdme poison- 
mg We have found that calaum chlonde admimstered mtraven- 
ously will usually restore the blood sugar to normal m either carbon 
tetrachlonde or guamdme poisomng Even the administration of 
calaum chlonde by mouth often suffices to check a rapidly faUmg 
blood sugar m animals m carbon tetrachlonde poisomng Such a 
restoration is not accomphshed by reducmg the guamdme concen- 
tration because a return to normal blood sugar can be brought about 
durmg a penod when the guamdme concentration m the blood is 
steadily nsmg This pomt as well as the prompt elevation of blood 
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Sometimes after prolonged and very severe mtovication produced 
either by guanidine or carbon tetrachlonde, death occurs m spite of 
intravenous admimstration of calcium chlonde We hope in later 
work to show that these failures occur when there has been a depletion 



Chart B Effect of Calcium Administration on Blood Sugar Concen- 
tration IN Experimental Guanidine Poisoning 

The figures for blood sugar (5) and guanidine (G) are m terms of milhgrams per 
100 cc of blood 

Dog no 28-6-19 On low calaum meat diet for 2 to 3 weeks before receivmg 
200 mgm guamdme hydrochlonde per kilogram subcutaneously Typical severe 
intosacation developed after the administration of the dose 

*A, 500 mgm CaCh given mtravenously as 10 per cent solution, *B, 300 mgm 
CaCli given mtravenously as 10 per cent solution 

The sjuiptoms were much reheved durmg the time that the blood sugar was 
elevated After medication was withheld the dog grew rapidly worse, convulsions 
reappeared, and death occurred 10 hours after the dose with a blood sugar con- 
centration of 30 mgm pier 100 cc blood 

of all the glycogen from the hver Under these conditions calcium 
chlonde can hardly be expected to furmsh the needed sugar The 
method by which m the successful cases blood sugar is m creased after 
calaum is furnished is at present unknown The return of blood 
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functional studies already under way will be able to answer the ques- 
tion as to whether these glands have been damaged by the drugs which 
we know bring about a retention of guamdine Whatever the normal 
disposal of guamdme is, it seems to be a very effective one because 
relatively enormous doses of guamdme must be a dmin istered to a 
normal dog to produce a concentration of 2 to 3 mgm of guamdme 
per 100 cc of blood At present we can only state that both carbon 
tetrachlonde and chloroform cause a serious mterference with this 
mechamsm and a retention of guamdme results The toxic symptoms 
produced by this retamed guamdme are very similar to those seen m 
experimental guamdme poisonmg The outstandmg features of both 
mtoxications are gastro-mtestmal irritation, nervous hyperexatabihty 
followed by depression, extreme hypoglycemia, and death In both 
conditions calaum has a highly favorable action In carbon tetra- 
chlonde poisonmg the need for calcium is rendered doubly acute by 
the mcreased guamdme and the simultaneous depletion of calcium 
ions by a retention of bile pigments When this need is met by fur- 
nishmg calcium most cases of mtoxication can be prevented or cured 
Practical suggestions re^ardmg the management of a case to be 
treated with carbon tetrachlonde would emphasize first of all the 
importance of a liberal amount of calaum m the prehmmary diet In 
order to avoid the tendency toward mcreased guamdme m the blood 
meat should be avoided and a diet nch m calaum and carbohydrate 
subsbtuted A bread and milk diet is an easy method of furnishing 
both calcium and carbohydrate m adequate amounts With these 
precautions cases of mtoxication should be extremely rare If poison- 
mg should occur, a combmation of calcium chlonde and dextrose 
therapy seems mdicated and m our expenence has nearly always 
proved effective 


SUMMARY AND CONCLUSIONS 

1 Carbon tetrachlonde produces a severe mtoxication m dogs on a 
meat diet which is low m calaum while the addition of calaum salts 
to the meat diet, or the feedmg of a hberal mixed diet without meat 
causes a high degree of tolerance to the drug Furthermore, cases of 
poisonmg can usually be cured by calaum therapy 

2 The outstandmg features of the mtoxication are gastro-mtestmal 
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This investigation is one of a senes of studies being made under the 
direction of Dr P D Lamson on the pharmacology and toxicology 
of carbon tetrachlonde The work is bemg earned on with the sup- 
port of the International Health Board 
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This investigation is one of a senes of studies being made under the 
direction of Dr P D Lamson on the pharmacology and toxicology 
of carbon tetrachlonde The work is bemg earned on with the sup- 
port of the International Health Board 
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DUODENAL REGURGITATION 


tailed consideration of this question will be taken up in thispaper under' 
the discussion of the effects of acid on regurgitation 

PROCEDURE 

In the carr>nng out of this investigation, two tests for the presence 
of duodenal contents in the stomach were used, the appearance of bile 
and the presence of tr>qitic activity 

Twenty-three examinations were made on cases as follows 

1-10 — total achylia, giving no aad on fractional meals or after injection of 
histamine (permcious anemia) 

11-14 — duodenal ulcer 

15 — retroperitoneal tumor 

16 — asthma 

17 — compression myehtis 

18 — normal 

19-20 — simple achylia 

21 — ^pylonc obstruction 

22 — gastroenterostomy 

In carrymg out the experiments, the contents of the fasting stomach 
were removed through a Rehfuss tube with the ohve located in the 
lower part of the stomach The stomach was then washed at 3- to 5- 
mmute intervals with small amounts of water or of the regent selected, 
and samples immediately withdrawn, or the reagent was allowed to 
remam m the stomach and portions fractioned out at 5- to 10-minute 
mtervals The samples obtained were examined for bile, and tested 
for the presence of trypsin 


Test for Iryfsin 

Principle The samples of gastric content are mnxed withpunfied 
egg albuimn, meubated for 48 hours at 37°, when the digestion mixture 
IS tested quantitatively for free ammo groups 

Procedure About 15 cc of each sample of gastric content are 
shaken vnth permutit to remove ammonia and filtered or centnfuged 
A few cubic centimeters of the clear liqmd obtamed should be tested 
with Nessler’s reagent to determme if the ammonia has been com- 
pletely removed If not, it should be shaken again with permutit 
and refiltered 
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in a graduated test tube in as small an amount as possible of 10 per cent 
NaOH and water added to make up the desired volume 

EXPERIMENTS 

The first 10 experiments were on cases of permcious anemia The 
first of these is represented m figure 1 The fastmg contents were 
removed and the stomach washed 10 tunes with 250 cc of water at 
37° and completely emptied after each washmg Another 250 cc were 
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Fig 1 (Experiment 1 ) Shows the Presence in the Stomach of Trypsin 
During Repeated Washings with Water, even in the Absence of Bite 

Note the increase in trypsin as the stomach empties 
Subject Wm F Diagnosis Permaous anerma Date January 22, 1927 

then mtroduced and samples removed at once and after 10 mmute 
mtervals for fifty mmutes Three tests were employed for duodenal 
regurgitation, — the presence of bile, tryptic activity, and the inversion 
of sucrose The last names was tested for by incubatmg a few cubic 
centimeters of each sample with a solution of cane sugar and the solu- 
tion tested, after four hours, with Benedict’s reagent for reducmg 
substances 

As may be seen from figure 1 aU three tests were positive on the 
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Subject Wm F Diagnosis Pemiaous anemia Date January 22, 1927 
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Fig 4 (Expeehient 4 ) Shows the Contotdous Presence in the Stomach 
OF Bile and Trypsin During Washings with Water, the 
Absence of Both wurH Dilute Acid 

Subject Wm F Diagnosis Pemiaous anemia Date January 27, 1927 



Fig 5 (Experiment 5 ) Shows the Presence in the Stomach of Bile and 
Trypsin During Washings with Water and Dilute Acid, Their 
Complete Disappearance During Washings With 
^ loRE Concentrated Acid 

Subject Wm F Diagnosis Pemiaous anemia Date Febmary 5, 1927 
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Fig 6 (Expeeiuent 6 ) Shows the Presence in the Stomach of Trypsin 
During Washings MorrH Water, Its Disappearance 
During Washings with 0 3 per cent Acid 

Subject Wm W Diagnosis Pemiaous anemia Date March 3, 1927 
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Fig 7 (Experemevt 11) Shous the Decrease of Bile in the Stomach 
During Washings utth Acid, Trypsin Remaintng Unchanged, Return 
OF Bile and a Marred Increase of Trypsin on Washings with Alkali 

Subject Axel J Diagnosis Duodenal ulcer Date March 3, 1927 
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Fig 6 (Expekiuent 6 ) Shows the Presence in the Stomach of Trypsin 
During Washings moth Water, Its Disappearance 
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(0 3 per cent HCl) and wliere tryptic activity was lacking entirely 
during the entire penod of acid washing Bile was positive only once, 
in one of the samples of washing with water 
The results of these cases together with four others, nos 7 to 10, are 
tabulated m table 1 In column 1 are recorded the numbers of the 
cases In column 2 are shown the appearance or non-appearance of 
bde and trypsm in the fastmg contents, and m the next five columns 
the numbers of washmgs with water and with solutions of HCl, together 
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Fig 8 (Experiment 15 ) Shows the Independent Appearance in the 
Stomach of Bile and Trypsin 

Subject Wm C Diagnosis Retroperitoneal tumor Date February 17, 
1927 

With the frequency of the appearance of bile and trypsm in the aspi- 
rated samples 

Case 11 (fig 7 and table 2) was diagnosed as one of duodenal ulcer 
Tiyptic digestion was present dunng the entire time except in one acid 
washing but was somewhat decreased dunng the entire penod of acid 
mgestion Bile disappeared dunng the same penod and failed to reap- 
pear except in traces after 30 mmutes of washing with NaHCOj The 
other cases (nos 12 to 19), the findings from which are also tabulated 
m table 2, are of miscellaneous diagnoses other than pernicious anemia 
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the gallbladder and the pancreas always flow at the same tune, and it 
seems qmte reasonable to assume that one might get gushes of bile 
contammg very httle or no pancreatic secretion Further, Baldwm 
found that an accessory pancreatic duct (flg 10), the duct of Santonm, 
which opens about three-fourths inch, to one mch, higher up than the 
common bile duct, was patent to mjection in 77 per cent of the cases 
and patent to dissection m over 85 per cent of the cases that he 
examined He found also that m some cases this accessory duct was 
large and apparently performed most of the work, m others it was 
smaller and sometimes was entirely functionless It seems reasonable 
to suppose that pancreatic jmce imght flow to a varymg extent through 
this duct even when the common duct is not functionmg and when no 
bile IS gettmg mto the duodenum, and in the cases pictured by Baird, 
Campbell and Hearn, where a duodenal tube was placed at the level of 
the ampulla, and the bile removed by contmuous aspiration, it may be 
that bile-free duodenal contents contammg pancreatic jmce was 
secreted mto the duodenum through the assessory duct and was regur- 
gitated mto the stomach 

2 Factors afecimg the frequency of regurgitation 

a Water In tables 3 and 4 are hsted the same experiments, to- 
gether with the number of tunes regurgitation was observed, as judged 
by the presence of either bile or tiypsm, and the number of tunes that 
regurgitation did not occur, as concluded from the fact that both tests 
were negative 

As has been brought out m the precedmg paragraphs, regurgitation 
had occurred m all the fastmg contents exammed In the washings 
which followed, regurgitation was found most frequently with the use 
of water, about the same number of times with sodium bicarbonate, 
and with decreasmg frequency under the influence of aads of mcreas- 
mgly greater concentrations This evidently is not m harmony with 
Boldyreff 

Previous workers have called attention to the frequency of regurgi- 
tation when water is used as a test meal Rosemann (1907), for 
mstance, m preparmg animals with gastnc fistulae for sham feedmg, 
states, “Emmal gewann ich den Eindruck, als ob unter dem Emfluss 
dieser SpUlung (mit distilhertem wasser), besonders leicht em Zunick- 
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smaller and sometimes was entirely functionless It seems reasonable 
to suppose that pancreatic jmce imght flow to a varymg extent through 
this duct even when the common duct is not functionmg and when no 
bile IS gettmg mto the duodenum, and in the cases pictured by Baird, 
Campbell and Hearn, where a duodenal tube was placed at the level of 
the ampulla, and the bile removed by contmuous aspiration, it may be 
that bile-free duodenal contents contammg pancreatic jmce was 
secreted mto the duodenum through the assessory duct and was regur- 
gitated mto the stomach 

2 Factors afecimg the frequency of regurgitation 

a Water In tables 3 and 4 are hsted the same experiments, to- 
gether with the number of times regurgitation was observed, as judged 
by the presence of either bile or tiypsm, and the number of times that 
regurgitation did not occur, as concluded from the fact that both tests 
were negative 

As has been brought out m the precedmg paragraphs, regurgitation 
had occurred m all the fastmg contents exammed In the washings 
which followed, regurgitation was found most frequently with the use 
of water, about the same number of times with sodium bicarbonate, 
and with decreasmg frequency under the influence of aads of increas- 
mgly greater concentrations This evidently is not m harmony with 
Boldyreff 

Previous workers have called attention to the frequency of regurgi- 
tation when water is used as a test meal Rosemann (1907), for 
mstance, m preparmg animals with gastnc fistulae for sham feedmg, 
states, “Emmal gewann ich den Eindruck, als ob unter dem Einfluss 
dieser SpUlung (mit distilhertem wasser), besonders leicht em Zunick- 
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solution of HCl introduced into the stomach, lost about 75 per cent 
of its acidity after an hour, while a 0 3 per cent solution lost 44 per cent 
and a 0 1 per cent lost about 8 per cent in the same time 
On the basis of these and other similar observations Boldyreff (1911) 
elaborated a defimte theoiy of duodenal regurgitation He states that 

TABLE 4 

Regiirgilaiton in miscdlaneotis cases Shows the number of aspirations tested for both biU and 
trypsin, the number positive for one (indicating regurgitation) and the 
number negative for both (indicating no regurgitation) 


Expcnmcnt 

number 

Fasting contents 

HjO 

NflHCOj 

1 per cent 

HCI, 014 
per cent 

HO, 0 2 
per cent 

HCl 

0 3 percent 

V 

1 

a cn 
U 

eS ° 

Number + 

1 

a 

3 

Total number 
of tests 

Number + 

Number — 

u 

la 

a 2 

1° 

Numbtr + 

Number — 

in 

£ 

la 

n £ 
¥ 

Number + 

Number — 

Total number 
of tests 

Number + 

Number — 

11 

+ 

2 

2 

e 

2 

2 

E 




6 

5 

1 




Duodenal ulcer 

12 

+ 

7 

5 

2 

6 

5 

1 







3 


2 

Duodenal ulcer 

13 

+ 

5 

5 


4 

4 








2 


2 

Duodenal ulcer 

14 

+ 

2 

2 

i 










6 

3 

3 

Duodenal ulcer 

15 

+ 

■Til 

7 

3 

S 

5 

1 

9 

5 

4 







Retroperitoneal 


















tumor 

16 

-1- 

6 

4 

2 
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0 

2 

Asthma 
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2 

1 

1 

3 

2 

1 







5 

2 

3 

Compression 



















18 

-f- 

3 

2 

1 

5 

m 

5 

2 

2 
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19 

+ 

6 

4 

2 

2 

1 

1 






■ 

5 

1 

1 

Simple achylia 

Total 

9 

43 

32 

11 

27 

19 

8 

11 

7 

E 

6 

1 

1 

g 

■ 

1 


Per cent of 


















total 
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74 

26 



B 


64 

36 


83 

17 


30 

70 


23 

* 

9 

9 

I 

4 

4 

1 







6 

6 

0 

Polya’s operation 

Per cent of 


















total 




i 


■ 

i 
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0 



* Not tested 


when the gastnc content is too acid, or the acid is present in the stom- 
ach m too large amounts, the alkalme intestinal jmce (especially the 
pancreatic juice) comes in and neufrahzes it The same thing may 
happen when no acid is introduced, but only gastnc juice is present, 
smce the juice as secreted has a much higher acidity (0 5 per cent HCI) 
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solution of HCl introduced into the stomach, lost about 75 per cent 
of its acidity after an hour, while a 0 3 per cent solution lost 44 per cent 
and a 0 1 per cent lost about 8 per cent in the s^e tune 
On the basis of these and other similar observations Boldyreff (1911) 
elaborated a defimte theoiy of duodenal regurgitation He states that 

TABLE 4 
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when the gastnc content is too acid, or the acid is present in the stom- 
ach m too large amounts, the alkalme intestinal jmce (especially the 
pancreatic juice) comes in and neutrahzes it The same thing may 
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and doubtful in 4 According to these figures, regurgitation some- 
times accompames high acidity and sometimes is lacking On the 
other hand, it may be present or absent m cases of achlorhydna 

Bbcks and Vischer (1915) got regurgitation m 6 out of 30 tnals when 
150 cc 0 5 per cent HCl was left m a dog’s stomach for 15 mmutes and 
m 15 out of 36 tnals when left for 30 mmutes When 100 cc of aad of 
lower concentration, i e , 0 4 per cent HCl, was left m the stomach for 
20 minutes, no regurgitation occurred m 100 per cent of 10 cases 

In OUT own experiments we did not obtam conclusive results from the 
use of aad as concentrated as 0 5 per cent HCl, as the patients usually 
either vomited or felt defimte symptoms of gagging, which was mvan- 
ably accompamed by the passage of bile and pancreatic juice m large 
amounts through the pylorus We therefore used 0 3 per cent HCl 
m most of our cases and found that unless large amounts were mtro- 
duced, gaggmg seldom occurred In the permcious anerma cases, the 
tolerance to aads was espeaaUy low, and m one mstance even 0 09 per 
cent HCl could not be used 

As stated above, regurgitation occurrred less frequently when aad 
was mtroduced, than when water or alkah In the permcious anemia 
cases (table 3), regurgitation occurred in 100 per cent of the fastmg 
contents, m 92 per cent of the water washmgs, 91 per cent of the 0 09 
per cent HCl samples, and 62 per cent, 44 per cent and 31 per cent with 
0 14 per cent, 0 2 per cent and 0 3 per cent HCl solutions respectively 
The records for the miscellaneous cases (table 4) are not dissnmlar, 
except that the frequency of regurgitation m the presence of water is 
somewhat less, (74 per cent), mdicatmg that the atomc sphmcter of 
permaous anerma reacts to the shght stimulus of water less readily 
than does the normal 

The discrepancy between our results and Morse’s may possibly be 
explamed m another way As wfil be recalled, he found greater 
regurgitation with higher concentrations of aads Morse exammed 
his aspuated solutions for bile but not for panaeatic jmce He judged 
regurgitation m the absence of bile solely by measunng the relative 
amounts of gastric content recovered after one-half hour He ap- 
parently does not consider the different rates at which water and aads 
are normally discharged from the stomach It has been shown by 
Ivy (1918) that water m both man and dogs begms to leave the stom- 



418 


DUODENAL EEGURGITATION 


and doubtful in 4 According to these figures, regurgitation some- 
times accompames high acidity and sometimes is lacking On the 
other hand, it may be present or absent m cases of achlorhydria 

Bbcks and Vischer (1915) got regurgitation m 6 out of 30 tnals when 
150 cc 0 5 per cent HCl was left m a dog’s stomach for 15 mmutes and 
m 15 out of 36 tnals when left for 30 mmutes When 100 cc of aad of 
lower concentration, i e , 0 4 per cent HCl, was left m the stomach for 
20 minutes, no regurgitation occurred m 100 per cent of 10 cases 

In OUT own experiments we did not obtam conclusive results from the 
use of aad as concentrated as 0 5 per cent HCl, as the patients usually 
either vomited or felt defimte symptoms of gagging, which was mvan- 
ably accompamed by the passage of bile and pancreatic 3uice m large 
amounts through the pylorus We therefore used 0 3 per cent HCl 
m most of our cases and found that unless large amounts were mtro- 
duced, gaggmg seldom occurred In the permcious anerma cases, the 
tolerance to aads was espeaally low, and m one mstance even 0 09 per 
cent HCl could not be used 

As stated above, regurgitation occunxed less frequently when aad 
was mtroduced, than when water or alkah In the permcious anemia 
cases (table 3), regurgitation occurred in 100 per cent of the fastmg 
contents, m 92 per cent of the water washmgs, 91 per cent of the 0 09 
per cent HCl samples, and 62 per cent, 44 per cent and 31 per cent with 
0 14 per cent, 0 2 per cent and 0 3 per cent HCl solutions respectively 
The records for the miscellaneous cases (table 4) are not dissimilar, 
except that the frequency of regurgitation m the presence of water is 
somewhat less, (74 per cent), mdicatmg that the atomc sphmcter of 
permaous anerma reacts to the shght stimulus of water less readily 
than does the normal 

The discrepancy between our results and Morse’s may possibly be 
explamed m another way As wfil be recalled, he found greater 
regurgitation with higher concentrations of aads Morse exammed 
his aspuated solutions for bile but not for panaeatic jmce He judged 
regurgitation m the absence of bile solely by measurmg the relative 
amounts of gastric content recovered after one-half hour He ap- 
parently does not consider the different rates at which water and aads 
are normally discharged from the stomach It has been shown by 
Ivy (1918) that water m both man and dogs begms to leave the stom- 

































422 


DUODENAL REGURGITATION 


tlus tonus still more Large amounts (250 to 400 cc ) of HCl of higher 
concentrations, 0 4 to 0 5 per cent, espeaaUy m the case of permcious 
anemia patients, affects a different mechamsm, the vomiting reflex or 
possibly merely gaggmg 


TABLE S 

Regiirgitalion anth fractional test meals 


Expcnment number 

1 

1 

1 Diagnosis 

i 

Fasting 

content 


' 

Fraction 

Nature of meal 

u 

fa 

Trypsin 

Total number 
of testa - 

Number + 

Number — 

1 

2 

3 

4 

s 

6 

14 

Duodenal ulcer 

— 

+ 

7 

5 

2 

Bile 

— 

+ 

+ 

+ 



Cane sugar 








Trypsm 

+ 

+ 

+ 

+ 




15 

Retroperitoneal 

+ 

+ 

10 

7 

3 

Bile 

— 


+ 




Glucose 


tumor 

1 





Trypsm 

— 

— 

+ 





16 

Asthma 



+ 

6 

4 

2 1 

Bde 

— 

— 



— 

— 

— 

Albumin 







i 

Trypsm 

+ 

+, 

+ 

+ 

+ 

+ 


17 

Compression 

— 

+ 

2 

1 

1 

Bde 

— 

— * 


— 

— 


Glucose 


myehtis 






Trypsm 

1+ 

+ 

+ 

+ 

+ i 

+ 


18 

Normal 

— 

+ 

3 

2 

1 

Bde 

! — 

— 

— 


— 

+ 

Glucose 







1 

Trypsm 

— 

— 

— 

— 

— 

— 


19 

Simple achylia 

+ 

+ 

11 

9 

2 

Bde 

— 

1 

; + 

+ 

+ 

— 

| — 

Glucose 








Trypsm 

— 

— 

— 

— 

— 

+ 


20 

Simple^achyha 

+ 

1 

1 + 

6 

4 

2 

Bde 

— 

— 

— 

— 

— 


Albumm 





1 



Trypsm 

+ 

+ 

+ 

+ 

+ 



21 

Pj lone obstruction 

1 + 

1+ 

2 

2 

0 

Bde 

— 

— 

— 




Gruel 





1 



Trypsm 

— 

+ 

+ 





22 

Permaous anemia 

■f" 

+ 

6 

6 

0 

Bde 

— 

— 

_ 

— 



Gruel 








Trypsm 

+ 

+ 

+ 

+ 





These views are supported by our findmgs with fractional test meals 
In table 5 are recorded the data from 9 such experiments, either with 
solutions of sugar or albumm or gruel 
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tlus tonus still more Large amounts (250 to 400 cc ) of HCl of higher 
concentrations, 0 4 to 0 5 per cent, espeaaUy m the case of permcious 
anemia patients, affects a different mechamsm, the vomiting reflex or 
possibly merely gaggmg 
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+, 

+ 

+ 
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+ 
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These views are supported by our findmgs with fractional test meals 
In table 5 are recorded the data from 9 such experiments, either with 
solutions of sugar or albumm or gruel 
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UREA EXCRETION 


Uon hmii, urea excretion proceeds at maxuniun speed, and the output 
per minute represents the urea content of a maxunum blood volume 
This blood volume, averagmg m normal men about 75 cc per minute, 
we shall for convenience term the viacaimim bhod urea charame, or 
Simply the maximum clearance It represents the volume of blood 
which one mmute’s excretion suffices to clear of urea when the urme 
volume is large enough to permit a ma ximum urea output The value 
of the maximum clearance, Cm, is calculated from the observed urea 
concentrations of the blood and unne, B and U, and the urme volume, 
V, m cubic centimeters per mmute, by the formula, 

uv 

Maximum clearance = C„ = 

u 

The concentration ratio, — , mdicates the number of cubic centi- 

D 

meters of blood the urea content of which is represented m 1 cc of 
U 

urme — X F therefore mdicates the number of cubic centimeters 

jD 

of blood represented m the urea content of the V cubic centimeters of 
urme excreted m 1 minute 

Below the augmentation limit the volume of blood, the urea content 
of which is represented m one mmute’s excretion, (the blood urea 
clearance per mmute) is not a constant, but vanes, on the average, 
m proportion to the square root of the urme volume In order to 
compare excretions below the augmentation limit, therefore, they must 
either be observed with a standard, constant, unne volume output, 
or, if observed with other unne volumes, the excretion rates must be 
corrected for the unne volume effect It is practically impossible to 
£x the unne volume at a deffiute standard, but, by means of the square 
root rule of Austm, StiUman, and Van Slyke, the urea excretion that 
would accompany such a standard urme volume can be calculated 
from the excretion measured with any other volume below the aug- 
mentation lunit 

The formula for the calculation is developed as follows 

If C IS the observed blood urea clearance (the cubic centimeters of 
blood, the urea content of which is excreted m 1 mmute) with any 
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UREA EXCRETION 


Uon hmii, urea excretion proceeds at maximum speed, and the output 
per minute represents the urea content of a maximum blood volume 
This blood volume, averagmg m normal men about 75 cc per minute, 
we shall for convenience term the maximum hhod urea clearance, or 
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of mea excretion with high urine volumes The maxunum clearance is 
normally about 40 per cent greater than the standard clearance, the 
mean values bemg 75 cc of blood per minute for the maximum and 
54 cc for the standard Usually, though not always, m pathological 
conditions both values are affected to approximately the same degree 

For use in the above formulae for calculatmg C, and C„, any con- 
vement umts of urea or urea N concentration, e g grams per hter, 
milligram per 100 cc , may be used to express the urea concentrations, 
U and B so long as the same umt is used for both U and B This 
follows from the fact that in each formula U and B appear only in 
U 

the ratio — , so that both U and B may be multiphed by any factor 
B 

U 

without changmg the value of — ratio, or of the C, or Cm calculated 
therefrom 

The umt for expressmg values of V, however, can not be changed 
without changmg the numencal values of C, and Cm 

CALCULATION OF CLEARANCE VALUES 

If the urme volume exceeds 2 cc per mmute, as observed m an 
adult, or as corrected for body size (see next paper) m a child, the 
Viaximum clearance is calculated 

If the volume thus observed or corrected is less than 2 cc per mm- 
ute, the standard clearance is calculated 

It is advantageous as a rule to calculate both clearances m per- 
centages of the mean normal C, and Cm Urea excretions observed 
with ordinary urme volumes and calculated m terms of C, are thus 
rendered directly comparable with excretions observed with large 
unne volumes and hence calculated in terms of Cm Furthermore 
the percentage values thus calculated express directly percentages of 
average normal renal effiaency 

The percentage of average normal Cm is obtamed by dividing the 
absolute Cm value by the mean normal Cm, 75, and multiplying by 100 
Similarly the percentage of average normal C, is obtamed by dividing 
the absolute C, by 54 and multipl)ang by 100 
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C, 


UV 

B 


321 X 3 5 
15 6 


= 72 cc of blood cleared of urea per minute 


Per cent of average normal funcbon = 1 33 X 72 = 96 per cent 


Example of calculation of a normal standard clearance 
Blood urea N = 14 7 mgrri. per 100 cc = B 
Unne urea N ■= 750 mgm. per 100 cc. = Z7 
Urme volume = 50 cc per hour 

>= 0 83 cc per mmute = V 


C. = 


v\/v 

B 


750 X 0 91 
14 7 


= 46 cc of blood cleared of urea per mmute 


Per cent of average normal funcbon = 1 85 X 46 = 85 per cent 

TecJimque for determming the blood urea clearance as a measure of 
renal efficiency The necessary data are the concentrations of urea in 
blood and unne, and the volume of urme excreted m a measured time 
The manner in which these 3 values are secured may be vaned to suit 
conditions As a routme procedure, however, we have found the fol- 
lowmg satisfactory 

f The subject is not subjected to any previous routine, except that 
vigorous exercise is avoided and the previous meal should be a moder- 
ate one, preferably without coffee, which Addis and Drury (1923) 
have found may mcrease the blood urea clearance The most de- 
sirable time of day, when excretion is least hable to fluctuations, is 
found according to MacKay (1928) in the hours between breakfast 
and lunch The patient remams qmet while the urme is collected 
durmg two succeedmg penods of 1 hour each The chief source of 
error is probably the possibflity of mcomplete emptymg of the bladder, 
either at the beginnmg or end of a period The collection of two 
unne specimens affords a check on this factor A few minutes before 
the end of the first hour a blood sample is drawn ^ Its urea content is 
used for calculation of the clearances during both penods This usage 
IS permissible, because under the conditions of the test the blood urea 
does not change greatly dunng an hour 
The maximum clearance is calculated if the unne volume observed 

1 73 


m an adult, or if the corrected volume V X 


Sq m surface area 
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very large doses of adrenalin The effect of adrenahn, however, was 
shown in rabbits by Addis, Barnett, and Shevky (1918) to vary with 
the dosage, up to a certain maxunum it increased urea output, but 
greater amounts depressed the output Ordinarily Addis (1917) be- 
hoved that adrenalin and pitmtnn act as antagonists in regulating 
renal activity 

Such influences may vary the blood clearence per nunute in either 
of two ways They may vary the renal blood flow without altenng 
the percentage of blood urea removed at each passage through the 
kidneys Or they may so influence the activity of renal cells that 
vanations do result m the percentage of blood urea removed at each 
passage The questions, whether and how the percentage of urea 
removed from the blood m the kidneys can be influenced, awaits 
experimental proof 

It is evident that the urea excretion rate is influenced by other 
factors m addition to blood urea content and unne volume, and that 
an erroneous impression would be created by the clearance formulae 
if they were assumed to express with mathematical exactness the com- 
plete effects of all factors mfluencmg urea excretion The width of the 
range of normal vanation indicates the contrary The formulae 
are only expressions of the effects of two factors, blood urea content 
and unne volume, which are m contmual action and appear to be 
ordinarily of chief importance m regulatmg the urea output 

To minimize vanations due to other factors Addis (1922) in deter- 
minmg the maximum clearance gives water and urea to the fastmg 
subject at the beginnmg of a 6 hour penod, and analyzes specimens of 
blood and unne collected dunng the last 3 hours of the penod, dunng 
which diuresis is mamtained by water drinking In determimng the 
standard clearance in this laboratory we have thus far set no condi- 
tions, except that the subject should be at rest and should have avoided 
coffee and other obvious diuretics dunng the precedmg hours of the 
day The limits of vanation in our results, reported below, apply to 
these conditions It appears possible that by standardizing condi- 
tions more completely the range of vanation could be narrowed 
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output per 24 hours, and noted the rapiditv with which the superimposed amount 
of mtrogen was excreted The procedure was, however, laborious, the results 
not very consistent The method was abandoned, to be revived occasionally by 
later authors 

Other authors turned their attention to the blood urea, and neglected the excre- 
tion The detemunation of blood urea was introduced mto chmcal medicme by 
Strauss (1902) and by Widal and Javal (1904) For diagnostic purposes deter- 
mination of blood urea concentration has an advantage over detemunation of 
urme concentration, m that with ordmary unne volumes the blood figure is less 
dependent on fluctuations of water output Other factors bemg constant, how- 
ever, the blood urea content is proportional to the rate of protem catabolism If 
a given subject breaks down into urea half as much protem daily his average 
blood urea will be half as high, given a constant unne volume If the unne 
volume mcreases withm the ordinary range (below the augmentation hnut), the 
blood urea wiU be further diminished, mcreased water output washmg out more 
urea from the blood Both of these factors are likely to be operative m nephntis 
to prevent a nse m blood urea proportional to renal destruction MacKay and 
hlacKay (1927) m fact report data (which our own confirm) showmg that many 
nephntics do not show blood ureas defimtely above the normal ma x i m um until 
more than 60 per cent of renal function has been lost 

The conception of comparmg simultaneous urea determinations m blood 

U 

and urme was mtroduced by Gr6hant (1904) who used the concentration ratio — 

si 

as an expression of renal functional abihty However, the immense efiects of 
urme volume changes on the urea concentration, U, m urme were not considered, 
m consequence of which even approximate constancy can not be obtamed with 

this ratio The use of the ^ ratio was revived by Hamson (1922), who empha- 

sized that the most consistent results were gamed when the unne volumes were 
below 150 to 100 cc per hour This restnction reduces the mconsistenaes mtro- 
duced mto the ^ ratio by urme volume changes, but also hrmts the conditions 
B 

under which observations can be made 

Ambard and Wedl (1912) were the first to mclude both mea output and unne 
volume m attemptmg quantitatively to relate urea excrebon to blood content 
Thei found that urea excretion m normal subjects, and also m nephntics, was 
governed bv two laws, relatmg output to blood and unne concentrations respec- 
tively These laws were combmed mto the urea excretion formula of Ambard 
and H eill (1912), which, with numencal constants omitted, is 


K 


B 

■y/o y/u 
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In the present paper we confirm these results on normal subjects, and m an ac- 
companymg paper we show that they hold true for nephntics also 

H hlacLean and de Wesselow (1919, 1920) m the mterest of sunphaty reverted 
to a smgle determmation, the urea concentration m the urme, as a test of renal 
fimction These authors prescnbed certam standard conditions for its determina- 
tion, designed to make the values more consistent They gave 15 grams of urea 
with 100 cc of water, and noted whether or not the urme urea concentration m the 
2 subsequent hours rose above 2 per cent If it did, they considered the kidneys 
fairly efiBaent Gross errors due to dilute imnes were excluded by rejectmg tests 
m which the second hour’s urme volume exceeded 150 cc Their procedure was 
admirably adapted to its primary purpose, the rapid examination of large numbers 
of soldiers In the study of nephnbc patients, however, the method mvites 
error by neglect of the blood urea For example, if unnary function is so low that 
only a tenth the normal blood volume is cleared of urea per hour, the urea output 
will nevertheless be normal if the blood urea concentration is ten-fold the ordmary 
Hence the unnary concentration will also be normal, if the volume is not increased 
For this reason, in the ter minal stages of nephntis, with high blood urea content, 
a unnary urea concentration withm ordmary tiormal ranges may be observed, 
despite tremendously reduced renal abdity^ The mterpretation of figures for 
urea concentration in unne is therefore uncertam, unless the blood urea content is 
knoivn, as well as the urme volume 


The histoncal sequence m which the different urea determinations 
were mtroduced as indicators of renal function, and the conditions 
under which they were best apphcable, are summarized m table 1 
Numerical relation of the present standard clearance to previously used 


forms of the Austin-Stillman-Van Slyke formula 


The formula 



expresses the number of cubic centimeters of blood of which the urea 
content is concentrated into 1 cc of urine, when urme excretion is at 
the average normal rate of 1 cc per mmute The mean normal 
numerical value of 54 mdicates that under these conditions the kidneys 
concentrate the blood urea S4-fold The standard clearance thus 
may be mterpreted as a measure of the concentratmg power, as well as 
the excretmg abihty, of the kidney For this reason the value now 
called the standard clearance has, m a number of papers from this 
laboratory (e g HiUer, McIntosh, and Van Slyke (1927)) been called 
the “concentration index ” The term “standard clearance” is at pres- 


* “Selbst die prozentige Ausscheidung des N kann noch relabv gut erschemen, 
ja 1 per cent betragen, wenn bereit die todbche Vergiftung begonnen hat” (p 
166 of Volhard and Fahr, 1914) 
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ent preferred, partly because when used m conjunction with “maxi- 
mum clearance” it suggests more clearly the difference m conditions 
under which the two respective urea excretion rates are determined 

U fv 

In the above papers the formula used m calculatmg the “mdev” was — — 

B 




Ur- r 

instead of — v V However, m the — ratio used the volume umt was cubic 
B W 

centimeters per hour per kilogram, which, for a person of 60 kgm weight, is the 

il/f 


same as cubic centimetera per minute Hence the values of ■ 


W 


■ m the above 


papers are approximately mterchangeable with those of the present C, = 

— ■\/v They deviate therefrom m proportion as -s/w deviates from •%/ 60> but 
B 

U Hr 

the fact that unusually low or high bodj weights influence the value ^/|/ — only 

m proportion to their square roots, and not their first powers, di mini shes the effect 
on the calculated clearance E g , a person of 50 kgm would weigh 17 per cent 
less than one of 60, but the effect of this weight difference on the value of the 

^ i/Z 

5 T TF 

paper, is to correct for wide divergence from average size by multiplymg V by 
1 73 

the factor 

Sq m surface area 

The standard clearance — VV is, except for omission of the weight correction, 
B 

identical with the excretion constant ^ _ of Austm, Stillman and Van Slyke 


mdex — /| 


IS only 9 per cent Our present practice, discussed m the next 


If m 


D 


bVvw 


^vTfr 

the factor D is replaced by its eqmvalent, UV, the formula changes 


U Pv U /— 

to — \/ — Omission of the weight correction, TT'’, simplifies it to — V V The 

B V W > ’ t' ^ 


ongmal numencal values of the excretion constant 


D 


^ i/L 

bVvw b y w 


of these 


authors differed from the present clearance, and from the above discussed concen- 

V 

trabon mdex, because a different unne x'olume umt, — ■= hters per 24 hours per 

TF 

kilogram, was used A given excrebon rate expressed m cubic centimeters per 

1000 TI^ 

minute is represented b> a figure , or 0 694 TT^, tunes as large as that ex- 

1440 
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ent preferred, partly because when used in conjunction with “maxi- 
mum clearance” it suggests more clearly the difference m conditions 
imder which the two respective urea excretion rates are determined 

U fv 
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B 




TJ /“ V 
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B W 
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^It/f 
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papers are approximately mterchangeable with those of the present C, = 

— "v/f They deviate therefrom m proportion as -s/w deviates from •%/ 60> but 
B 

U Hr 

the fact that unusually low or high bodj weights influence the value ^/|/ — only 
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XIREA EXCRETION 


been questioned by Addis and his collaborators Addis and Drury 
(1923) studied the relationship between V and the excretion ratio 
(or blood urea clearance) They found that in rabbits changes in 
volume down to 2 cc per hour had no influence on the observed clear- 
UV 

ance, Of the 3 human subjects studied, however, only one was 

B 

observed with unne volumes below 120 cc per hour, which is the usual 
augmentation limit accordmg to our data In this subject they 
found the blood clearance somewhat lower with unne volumes below 
50 cc per hour than with volumes above 64 cc per hour Since no 
regular quantitative relationship between excretion and unne volume 
was demonstrable from their data, however, these authors concluded 
that the mcrease in urea excretion with mcrease m unne volume, ob- 
served over the lower volume ranges by themselves and by Austin, 
Stfllman, and Van Slyke, was due merely to the fact that certain fac- 
tors stimulated both water and urea excretion the excretion rates of 
these two substances Addis and Drury conceived to be independent 
of each other 

As opmions stfll are divided we have considered it desirable to m- 
crease the number of observations covenng the influence of unne 
volume on urea excretion m normal subjects We have attempted to 
limit the factors influencmg excretion as nearly as practicable to one, 
water In some of the experiments data were also obtamed on the 
effect of urea mgestion, which, however, was not observed to affect 
significantly the clearance values obtained 

EXPERIMENTAL 

We have examined 5 normal persons between 20 and 30 years of age, 
all m good health and without any history of kidney disease We also 
have reexammed another normal subject, now 44 years of age, (Van 
Slyke), on whom data were first pubhshed by Austm, StiUman, and 
Van Slyke, six years ago 

During each experiment (except those on Van Slyke) the person exammed was 
kept m bed The reasons for this were, first, that changes of position are said to 
influence the water excretion through the kidneys (\Mute, Rosen, Fischer and 
Wood (1926)) and, second, that the kidney function of patients is nearly always 
examined while they are m bed, so it seems more correct to compare them with 
normals studied under similar conditions 
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urea concentration was estimated on samples of 3 cc with, the aeration 
urease method of Van Slyke and Cullen (1914) 


RESULTS AND DISCUSSION 


The conditions and results of all our experiments are given in tables 
1 to 4 


The results for each of the 6 subjects mvestigated by us, and for one 
other from the literature (Rehberg, 1926), have been plotted m figures 
3 to 9 with clearance values as ordmates and x/f as absassae In 
order to simplify the plotting by obtaimng straight line curves we have 
laid off as absassae values of the square root of the urme volume Ac- 
cording to the square root rule, this procedure should enable one to 
express the relationship between unne volume and blood clearance as 
a rismg straight hue below the augmentation limit, and it will be seen 
m the graphs that such is the case Above the augmentation limit 
volume has no effect, and the excretion curve becomes a horizontal 
hne 

The curves have been drawn m the followmg manner The mean 


UV 

value of the clearance m cubic centimeters of blood contammg 

B 


the amount of urea excreted per nunute, for all pomts above the aug- 
mentation himt IS taken, and at the corresponding height above the 
horizontal axis, and parallel to it, a hne is drawn Then for all 
points to the left of the augmentation limit the standard clearance 
U ._ 

— vF IS calculated, and the mean value is taken This average 


determmes the height of the curve at F = 1 cc Through the cor- 
responding pomt on the vertical Ime representmg F = 1 cc , and 
through the zero pomt, a straight hne is drawn The position of the 
augmentation hrmt is calculated as the mtersection pomt between this 
slanting hne and the horizontal hne first drawn 

In this way we have calculated augmentation limits from the data 
given by Austm, Stilhnan, and Van Slyke on Austin and Van Slyke 
our own data on six normal subjects, and finally the data given by 
Rehberg (1926) on himself, that were collected by him for qmte other 
reasons, but can be used for our purpose as well 
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TABLE 2 — Cimtinued 









Expenmenta 

Time 

V 

Unne 

volume 

u 

Unne 

urea 

nitrogen 

B 

Blood 

urea 

mtiogen 

vv 

B 

Ob. 

sm-ed 

clcaj- 

ance* 

B 

Standard 
clearance, 
calculated for 
F » 1, from 
obscr\*cd 
clearances 
below aug 
mentation 
linuts 


■ 

cc per 
minute 

me per 
100 cc 

me per 
100 u 

CC hlocd 

minute 

cc blood per 
minute 

Experiment Number 1 


7 17 

415 

39 3 

75 5* 


J F M 



324 

38 5 

68 0* 


7 a m , 30 grams urea and 

RBE 


842 

46 6 

72 3* 


500 cc. of water 10 and 

12-1 

2 42 

1321 

44 9 

71 2* 


11 ajn., 12 noon and 1 

1-2 

1 63 

1398 

36 7 

62 2 

48 6 

p nu, 5 grams, urea each 
time 

2-3 

1 67 

1273 

42 5 

49 8 

38 7 

Experiment Number 8 

9-10 


1568 

25 1 

46 8 

54 1 

J F M 

10-11 


1564 

29 0 

49 5 

51 8 

7 15 a m , 15 grams urea 

11-12 


1260 

29 9 

45 7 

43 8 

12 45 pm, lunch land 

12-1 

0 60 

1185 

24 6 


37 3 

2pm, 1000 cc of water 

1-2 


1366 

24 7 

57 2 

56 2 

each time 

2-3 

8 58 

193 

21 9 

75 7* 


Experiment Number 3 


1 67 

1068 

25 8 

69 2 

53 5 

A H 

ioSB 

1 42 

1034 

25 5 

57 5 

48 3 

7 am, 15 grams urea 11 

11-12 

3 67 

593 

32 3 

67 3* 


a m , 20 grams urea and 

12-1 

7 87 

264 

40 0 

52 2* 


200 cc of water 1 30 

1-2 


1095 

34 2 


46 2 

p m , lunch and 200 cc of 
water 

2-3 

2 42 

901 

31 7 

68 8* 


Experiment Number 25 



679 

13 5 

28 5 

37 9 

A H 

10-11 


747 

13 2 


42 7 

8 30, breakfast. 12 noon. 

11-12 

0 63 

800 

12 6 


50 4 

lunch and 1000 cc of 

12-1 

1 63 

495 

13 3 


47 5 

water 1 pm., 500 cc of 

1-2 


87 3 

13 6 

77 5* 


water 

2-3 

9 07 

88 8 

13 1 

61 5* 


Experiment Number 5 

W N 

7 am, breakfast and 15 

10-11 

0 60 

1074 

15 6 

41 3 

53 3 

grams urea m 75 cc. of 
water Could not wid 







on time 








Per cent of 
a\erage 
normal 
clearance, 
taken as 
Cs - 54 , 
Cm -75 


per cenl 

101 * 

91* 

96* 

95* 

90 

72 


100 

96 

81 

69 

104 

101 * 

99 

89 

90* 

70* 

85 

92* 


70 

79 

93 

88 

103* 

82* 

99 
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TABLE 2 — Continued 
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volume 
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Unne 

urea 
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urea 
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vv 

B 
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served 
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clearance, 
calculated for 
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obscr\Td 
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mentation 
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clearance, 
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nunuie 
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38 5 
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46 6 

72 3* 
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12-1 

2 42 

1321 

44 9 

71 2* 


95* 

11 ann., 12 noon and 1 

1-2 

1 63 

1398 

36 7 

62 2 

48 6 

90 

p m., 5 grams, urea each 
tune 

2-3 

1 67 

1273 

42 5 

49 8 

38 7 

72 

Experiment Number 8 

9-10 

m 

1568 

25 1 

46 8 

54 1 

100 

J F M 

10-11 

wm 

1564 

29 0 

49 5 

51 8 

96 

7 IS a m , IS grams urea 

11-12 

1 08 

1260 

29 9 

45 7 

43 8 

81 

12 4S pm, lunch land 

12-1 


1185 

24 6 

29 0 

37 3 

69 

2pm, 1000 cc of water 

1-2 

1 03 

1366 

24 7 

57 2 

56 2 

104 

each time 

2-3 

8 58 

193 

21 9 

75 7* 


101* 

Experiment Number 3 


1 67 

1068 

25 8 

69 2 

53 5 

99 

A H 


1 42 

1034 

25 5 

57 5 

48 3 

89 

7 am, 15 grams urea 11 

11-12 

3 67 

593 

32 3 

67 3* 


90* 

a m , 20 grams urea and 

12-1 

7 87 

264 

40 0 

52 2* 


70* 

200 cc of water 1 30 

1-2 


1095 

34 2 


46 2 

85 

p m , lunch and 200 cc of 
water 

2-3 

2 42 

901 

31 7 

68 8* 


92* 

Experiment Number 25 

9-10 


679 

13 5 

28 5 

37 9 

70 

A H 

10-11 


747 

13 2 


42 7 

79 

8 30, breakfast. 12 noon. 

11-12 

0 63 

800 

12 6 


50 4 

93 

lunch and 1000 cc of 

12-1 

1 63 

495 

13 3 

60 8 

47 5 

88 

water 1 pun., 500 cc of 

1-2 

KBIS! 

87 3 

13 6 

77 5* 


103* 

water 

BjSjl 


88 8 

13 1 

61 5* 


82* 

Experiment Number 5 

W N 

7 am, breakfast and 15 



1074 

15 6 

41 3 

53 3 

99 

grams urea m 75 cc. of 
water Could not \-oid 

1 

1 






on time 

■ 

■ 
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TABLE 7—ConUnuei 


Experiments 

Time 

V 

Urme 

volume 

V 

Vrwt 

urea 

nitrogen 

B 

Blood 

urea 

nitrogen 

vv 

B 

Ob- 

served 

clear- 

ance* 


Per cent of 
average 
normal 
clearance, 
taken as 
C, - 5t, 
C« -7S 

B 

Standard 
clearance, 
calculated for 
F » 1, from 
observed 
clearances 
below aug 
mentatioQ 
limits 



cc per 

mg per 


cc. blood 

cc per blood 




minute 

100 u 

JOO cc 

minute 

minute 


Experiment Number 28 


0 97 

781 

19 4 

38 8 

39 6 

73 

J C B 

10-11 


731 

19 2 

38 1 

38 1 

71 

7 30 ajn , breakfast 12 

11-12 

1 25 

656 

18 9 

43 3 

38 8 

72 

noon, luncb 

12-1 


642 

16 6 

39 3 

39 1 

72 


1-2 


746 

17 2 

34 7 

38 8 

72 

Experiment Number 31 

9-10 

7 33 

119 4 

14 7 

59 6* 


79* 

J C B 

10-11 

7 58 

103 3 

12 5 



83* 

7 30 a jn , breakfast and 500 

11-12 

8 75 

83 4 

12 3 

59 3* 


79* 

cc. of water 8 40, 10, 11 

12-1 

6 67 

113 7 

11 3 

67 2* 


90* 

a m , and 12 noon, 500 

1-2 

12 33 

54 2 

11 2 

59 6* 


79* 

cc, of water each time 12 

2-3 

11 67 

52 2 

10 5 

58 0* 


77* 

noon, luncb 1 p m., 300 








cc and 2pm, 200 cc of 








water 








Elxpenment Number 33 



765 

13 7 

44 6 

49 8 

92 

D V S , 1927 

11-12 

1 33 

640 

11 6 

73 6 

63 6 

118 

8 30, breakfast 12 45 

12-1 

1 07 

619 

12 7 


50 3 

93 

p m , lunch No flmds 

1-2 


775 

11 2 


59 2 

no 

Cutaneous blood 

2-3 


906 

10 3 


62 2 

115 


3-4 


806 

9 4 


71 7 

133 


4^5 


808 

(9 4) 

51 6 

66 5 

123 

Experiment Number 34 


6 41 

153 

13 1 

74 8* 


100* 

D V S 1927 

10-11 

16 25 

58 6 


77 4* 


103* 

8 30 am, breakfast with 

11-12 

13 25 

86 0 

12 3 

92 6* 


123* 

800 cc. of water 8 50 

12-1 

6 37 

137 

10 3 

84 8* 


113* 

and 9 15 a m 200 cc., 

1-2 

5 26 

173 


94 8* 


126* 

9 20 400 cc , 9 35 10 cc , 

2-3 

1 32 

438 

/ y 0 

60 2 

52 4 

97 

and 10 40 200 cc., 10 45 

3^ 

2 77 

281 

(9 0) 

86 4* 


115* 

400 cc. of water 12 30 








p m , lunch with 200 cc. 








of water Venous blood 
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mentatioQ 
limits 

Per cent of 
average 
normal 
clearance, 
taken as 
C, - 54, 
Cm -75 



cc per 

mt per 

mt per 

cc. blood 

cc per blood 




minuie 

100 u 


, 

minute 

minute 


Experiment Number 28 



781 

19 4 

38 8 

39 6 

73 

J C B 

10-11 


731 

19 2 

38 1 

38 1 

71 

7 30 ajn , breakfast 12 

11-12 

1 25 

656 

18 9 

43 3 

38 8 

72 

noon, luncb 

12-1 


642 

16 6 

39 3 

39 1 

72 


1-2 


746 

17 2 

34 7 

38 8 

72 

Experiment Number 31 

9-10 

7 33 

119 4 

14 7 

59 6* 


79* 

J C B 

10-11 

7 58 

103 3 

12 5 



83* 

7 30 a jn , breakfast and 500 

11-12 

8 75 

83 4 

12 3 

59 3* 


79 • 

cc. of water 8 40, 10, 11 

12-1 

6 67 

113 7 

11 3 

67 2* 


90* 

a m , and 12 noon, 500 

1-2 

12 33 

54 2 

11 2 

59 6* 


79* 

cc, of water each tune 12 

2-3 

11 67 

52 2 

10 5 

58 0* 


77* 

noon, lunch 1 p m., 300 








cc and 2pm, 200 cc of 








water 








Elxpenment Number 33 



765 

13 7 

44 6 

49 8 

92 

D V S , 1927 

11-12 

1 33 

640 

11 6 

73 6 

63 6 

118 

8 30, breakfast 12 45 

12-1 

■WH 

619 

12 7 


50 3 

93 

p m , lunch No flmds 

1-2 


775 

11 2 


59 2 

110 

Cutaneous blood 

2-3 


906 

10 3 


62 2 

115 


3-4 


806 

9 4 


71 7 

133 


4^5 


808 

(9 4) 

51 6 

66 5 

123 

Experiment Number 34 


6 41 

153 

13 1 

74 8* 


100* 

D V S 1927 

10-11 

16 25 

58 6 

12 3 

77 4* 


103* 

8 30 am, breakfast with 

11-12 

13 25 

86 0 

12 3 

92 6* 


123* 

800 cc. of water 8 50 

12-1 

6 37 

137 

10 3 

84 8* 


113* 

and 9 15 a m 200 cc.. 

1-2 

5 26 

173 

1 n 

94 8* 


126* 

9 20 400 cc , 9 35 10 cc , 
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UREA EXCRETION 


The results of these calculations are given in table 4 

In addition to the above expemnents, m which the complete excre- 
tion curves were obtamed over the maximum unne volume range, 
observations with ordinary unne volumes, below the augmentation 
limit, were inade on 9 other normal subjects, and are reported, with the 
resultmg standard clearance values, m table 3 The subjects were 
young men engaged m such activity as mvolves ordinary laboratory 
work 

The augvmitakon hmii It is seen from table 4, that the augmenta- 
tion hmit in the 8 normal subjects observed occurs at between 1 67 
and 2 55 cc per imnute, if the observation made on Van Slyke m 1921 
IS excluded The higher augmentation limit m this case, due to a very 
high average maximum clearance, falls statistically outside the group, 
smce it differs by more than four tunes the mean error^ from the aver- 
age There were only 4 determinations with high unne volumes m 
this case (data of Austm, Stilhnan, and Van Slyke) and they were 
made while the subject was about the laboratory, and not under the 
conditons of rest imposed on the subjects used for the analyses re- 
ported n this paper Accordmgly additional experiments on the 
same subject have been performed with the present senes of observa- 
tions, dunng which the subject was sittmg qmetly at his desk The 
augmentation limi t and clearances thus obtamed fall within the limits 
of the rest of our observations In the calculation of the average aug- 
mentation hmit and maximum clearance, and the vanation for the 
group of normal subjects, given m tables 3 and 4, only the present 
figures are used for this subject 


NORMAE VALUES AND VARIATIONS OF THE STANDARD AND MAXIMUM 
BLOOD UREA CLEARANCES 


In table 4 are summarized the mean standard clearances of the 
normal subjects reported m detail m tables 2 and 3, and m addition 
the standard clearances calculated from previous data of Austm, 
StiUman and Van Slyke (1921) Similarly m table 5 are summarized 


® The mean error calculated as the standard deviation, ± 
by the square root of the number of observations (fig 9) 



divided 
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young men engaged m such activity as mvolves ordinary laboratory 
work 

The angmeitt-ahon liimt It is seen from table 4, that the augmenta- 
tion hmit in the 8 normal subjects observed occurs at between 1 67 
and 2 55 cc per rmnute, if the observation made on Van Slyke m 1921 
IS excluded The higher augmentation limit m this case, due to a very 
high average maximum clearance, falls statistically outside the group, 
smce it differs by more than four tunes the mean error^ from the aver- 
age There were only 4 determinations with high unne volumes m 
this case (data of Austm, StiUman, and Van Slyke) and they were 
made while the subject was about the laboratory, and not under the 
conditons of rest imposed on the subjects used for the analyses re- 
ported n this paper Accordmgly additional experiments on the 
same subject have been performed with the present senes of observa- 
tions, dunng which the subject was sittmg qmetly at his desk The 
augmentation hmit and clearances thus obtamed fall within the limits 
of the rest of our observations In the calculation of the average aug- 
mentation limit and maximum clearance, and the vanation for the 
group of normal subjects, given m tables 3 and 4, only the present 
figures are used for this subject 


NORMAX VALUES AND VARIATIONS OF THE STANDARD AND MAXUrUU 
BLOOD UREA CLEARANCES 


In table 4 are summarized the mean standard clearances of the 
normal subjects reported m detail m tables 2 and 3, and m addition 
the standard clearances calculated from previous data of Austm, 
StiUman and Van Slyke (1921) Similarly m table 5 are summarized 


® The mean error calculated as the standard deviation, ± 
by the square root of the number of observations (fig 9) 
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possible that the difference may be due partly to greater body size m 
Addis’ subjects He employs 1 82 square meters as the mean surface 
area (private commumcation through MacKay), and if the subjects 



Urine ■volume (cc per minute) 


Fig 3 Urea Excretion Curve erou Noemax Subject 



Urine volume (cc-per minute) 


Fig 4 Urea Excretion Curve eroii Normal Subject 


he reports average as large as this, his mean C, of 82 "would correspond 
to one of 78 for subjects of 1 73 square meters area As the exact 
heights and -weights of Addis’ subjects are not obtamable, -we have 
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and 12 therefore cover the area which, m all probabihty, represents 
the extreme variation ordinarily to be expected m normal subjects 



Urine voltame (cc-pen volume) 


Fig 7 Urea Excretion Curve from Normal Subject 



VI 4 9 J& 


Urine volume (cc. per minute) 

Fig 8 Urea Excretion Curve from Normal Subject 

The results of our experiments, plotted m figures 3 to 8, and those 
calculated from the data of Rehberg, plotted m figure 9, confirm the 
conclusions of Austin, Stfilman, and Van Slyke There is a distmct 
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augmentatioii limit Below it the dearance mcreases with mcreasmg 
unne volume, while above it the dearance is mdependant of urme 
volume The groupmg of pomts about the slantmg portion of the 
curve mdicates that the square-root rule which this portion represents 
expresses the average effect of urme volume changes No other Ime 
or curve could follow the experimental pomts more closely The 
deviations of the pomts are frequently considerable, smce other, un- 
known factors, besides unne volume influence the rate of urea ex- 
cretion (Addis and Drury, 1923) It is obvious, however, that the 



Fig 11 

Same curves as m Figure 10, but corrected for body size by multiplying V 


values by the correction factor 

square meters surface area 

square-root rule is followed with suffiaent constancy to make mter- 
pretations of urea excretion rates with ordmary urme volumes (below 
the augmentation limit) much more exact when corrected for the vol- 
ume effect than they would be if unne volume as a factor were 
neglected In fact, the deviations of the experimental pomts from 
the slantmg hue representmg this rule are not significantly greater 
than the deviations from the horizontal part of the curves covenng 
ranges m which unne volume changes do not influence output The 
square-root rule affords as satisfactory a correction for unne volume 
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augmentation l i m it Below it the clearance increases with mcreasmg 
urme volume, while above it the clearance is mdependant of urme 
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square-root rule affords as satisfactory a correction for urme volume 
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1 Increase m unne volume diminishes the amount of work the 
kidney has to do agamst osmotic pressure m compressmg each gram of 
urea from the volume it occupies m the blood to the smaller volume it 
occupies m the unne Less work is reqmred to compress the urea of 
100 cc of blood mto 2 cc of unne than to compress it further into 1 
cc of unne The kidneys, because they work more easily with 
mcreased unne volume, may work faster, and excrete more urea per 
minute From this view pomt, the mcrease m urea excretion rate 
which accompames accelerated water output is a direct cause of the 
latter (For quantitative calculation according to the laws of ther- 
mod)mamics of the mechamcal work done by the kidney per gram 
molecule of substance excreted see pages 93 to 96 of Barcroft (1914)) 

2 The other hypothesis is that mcrease of renal circulation, or 
stimulus of the secretory activity of the renal cells, may accelerate 
excretion of both urea and water The accelerated water output in 
this case would not be the cause of the accelerated urea output Both 
would be due to a common stimulus actmg on the kidney Even dilu- 
tion of the blood by water drinking might be such a cause, either m- 
ducmg larger proportions of renal capiUanes to open up {vide Richards 
(1920-21)) or, makmg the secretory cells become more active 

For the purpose of estimatmg from urea excretion the work which 
the kidneys will do under standard Conditions it is, however, a matter 
of indifference whether the acceleration of urea output that comes 
with mcreased unne volume is caused by the latter, or merely accom- 
panies it as the result of a renal stimulus that affects both Whether, 
m mtroducmg y/v as a factor m the standard blood urea clearance 
calculation, we are dealmg with the direct cause of fluctuations of 
clearance with unne volume, or are usmg unne volume as a fairly 
consistent mdicator of such cause, does not greatly matter when we 
are concerned merely with measurement of renal abihty 

SUMMARY 

1 The relationship between unne volume and urea excretion has 
been studied m 6 more normal adults 

2 The observations of Austm, Stillman, and V an Slyke have been 
confirmed, that with urme volumes below a certain pomt (the augmen- 
tation lumt) the urea output increases m direct proportion to the 



462 


UKEA EXCRETION 


1 Increase m unne volume diTnimshes the amount of work the 
kidney has to do agamst osmotic pressure m compressmg each gram of 
urea from the volume it occupies m the blood to the smaller volume it 
occupies m the unne Less work is reqmred to compress the urea of 
100 cc of blood mto 2 cc of urme than to compress it further into 1 
cc of unne The kidneys, because they work more easily with 
mcreased unne volume, may work faster, and excrete more urea per 
rmnute From this view pomt, the mcrease m urea excretion rate 
which accompames accelerated water output is a direct cause of the 
latter (For quantitative calculation according to the laws of ther- 
modjmamics of the mechamcal work done by the kidney per gram 
molecule of substance excreted see pages 93 to 96 of Barcroft (1914)) 

2 The other hypothesis is that mcrease of renal circulation, or 
stimulus of the secretory activity of the renal cells, may accelerate 
excretion of both urea and water The accelerated water output in 
this case would not be the cause of the accelerated urea output Both 
would be due to a common stimulus actmg on the kidney Even dilu- 
tion of the blood by water drinking might be such a cause, either m- 
ducmg larger proportions of renal capiUanes to open up {vide Richards 
(1920-21)) or, makmg the secretory cells become more active 

For the purpose of estimatmg from urea excretion the work which 
the kidneys will do under standard Conditions it is, however, a matter 
of indifference whether the acceleration of urea output that comes 
with mcreased unne volume is caused by the latter, or merely accom- 
pames it as the result of a renal stimulus that affects both Whether, 
m mtroducmg a/f as a factor m the standard blood urea clearance 
calculation, we are dealmg with the direct cause of fluctuations of 
clearance with unne volume, or are usmg unne volume as a fairly 
consistent mdicator of such cause, does not greatly matter when we 
are concerned merely with measurement of renal abihty 

SUMMARY 

1 The relationship between unne volume and urea excretion has 
been studied m 6 more normal adults 

2 The observations of Austm, Stillman, and Van Slyke have been 
confirmed, that with unne volumes below a certain point (the augmen- 
tation lumt) the urea output increases in direct proportion to the 



464 


UKEA EXCRETION 


Unne and of the Blood After the Administration of Large Quantities of 
Urea 

Addis, T , Arch Int Wed , 1922, xxx, 378 Renal Function and the Amount of 
Functionmg Tissue 

Addis, T , Arch Int IMed , 1923, xxxi, 783 The Chmcal Sigmficance of Abnor- 
mahties m Unne Volumes 

Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 1 The 
Regulation of Renal Acbvity I Regulation of Urea Excretion by the 
Concentration of Urea m the Blood and m the Unne 
Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 22 
The Regulation of Renal Acbvity HI Regulation of Urea Excrehon by 
Unknown Factors 

Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 39 
The Regulabon of Renal Acbvity I\' Regulabon of Urea Excretion 
by Adrenahn 

Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 52 
The Regulabon of Renal Acbvity V Regulabon of Urea Excrebon by 
Pituitnn 

Addis, T , and Drury, D R , J Biol Chem , 1923, Iv, 629 The Rate of Urea 

Excrebon Vn The Effect of Vanous Other Factors than Blood Urea 

Concentrabon on the Rate of Urea Excretion 
Addis, T , and Drury, D R , J Biol Chem , 1923, Iv, 639 The Rate of Urea 

Excrebon VUI The Effect of Changes m Unne Volume on the Rate of 

Urea Excrebon 

Addis, T , and Watanabe, C K.,J Biol Chem , 1916, xxviu, 251 A Method for 
the hleasurement of the Urea Excrebng Function of the Kidneys 
Ambard, L , and WeiU, A , J Ph 3 isiol et Path gen , 1912, xiv, 753 Les Lois 
Num6nques de la Secr6bon R6nale de l’ur6e et du Chlonire de Sodium 
Ausbn, J H , Stillman, E , and Van Slyke, D D , J Biol Chem , 1921, xlvi, 91 
Factors Govemmg the Excrebon Rate of Urea 
Barcroft, J The Respiratory Funcbon of the Blood, Cambndge, 1914 
Bourqum, H , and Laughton, N B , Am J Physiol , 1925, Ixxiv, 436 Factors 
Influencmg the Excrebon of Urea n Diuresis and Caffeme 
Branch, A , and Lmder, G C , J Chn Invest , 1926, in, 299 The Associabon of 
Generalized Artenolar Sclerosis with High Blood Pressure and Cardiac 
Hj'pertrophj^ m Chrome Nephnbs 

Bright, R , Guy^s Hosp Reports, 1836, i, 338 Cases and Observabons lUustra- 
b\e of Renal Disease Accompamed with the Secrebon of Albummous Unne 
Chnsbson, R , Edmburg hied and Surg J , 1829, xxxu, 262 Observabons on 
the h anetv of Dropsj hMuch Depends on Diseased Kidney 
Cruise, F R , Lancet, 1890, i, 643 Note on Ureametrj' 

Frenchs, F T , Die Bnght’sche Nierenkrankheit, Braunschweig, 1851, p 173 
Green, W E , Bnt Med J , 1885, u, 1055 The Pracbcal Utihty of Esbmabng 
the Amount of Urea Passed Daily 



464 


tTREA EXCRETION 


Unne and of the Blood After the Administration of Large Quantities of 
Urea 

Addis, T , Arch Int Wed , 1922, xxx, 378 Renal Function and the Amount of 
Functionmg Tissue 

Addis, T , Arch Int IMed , 1923, xm, 783 The Cluneal Sigmficance of Abnor- 
mahties m Unne Volumes 

Addis, T , Barnett, G D , and ShevLy, A E , Am J Physiol , 1918, xlvi, 1 The 
Regulation of Renal Acbvity I Regulation of Urea Excretion by the 
Concentration of Urea m the Blood and m the Urme 
Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 22 
The Regulation of Renal Acbvity HI Regulation of Urea Excrehon by 
Unknown Factors 

Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 39 
The Regulabon of Renal Acbvity I\^ Regulabon of Urea Excretion 
by Adrenahn 

Addis, T , Barnett, G D , and Shevky, A E , Am J Physiol , 1918, xlvi, 52 
The Regulabon of Renal Acbvity V Regulabon of Urea Excrebon by 
Pituitrm 

Addis, T , and Drury, D R , J Biol Chem , 1923, Iv, 629 The Rate of Urea 

Excrebon Vn The Effect of Various Other Factors than Blood Urea 

Concentrabon on the Rate of Urea Excretion 
Addis, T , and Drury, D R , J Biol Chem , 1923, Iv, 639 The Rate of Urea 

Excrebon VHI The Effect of Changes in Unne Volume on the Rate of 

Urea Excrebon 

Addis, T , and Watanabe, C K. , J Biol Chem , 1916, xxvui, 251 A Method for 
the ^leasurement of the Urea Excrebng Function of the Kidneys 
Ambard, L , and WeiU, A , J Ph 3 ^iol et Path gen , 1912, xiv, 753 Les Lois 
Num6nques de la Secr6bon R6nale de l’ur6e et du Chlorure de Sodium 
Ausbn, J H , Stillman, E , and Van Slyke, D D , J Biol Chem , 1921, xlvi, 91 
Factors Govemmg the Excrebon Rate of Urea 
Barcroft, J The Respuatory Funebon of the Blood, Cambndge, 1914 
Bourqum, H , and Laughton, N B , Am J Physiol , 1925, Ixxiv, 436 Factors 
Influencmg the Excrebon of Urea II Diuresis and Caffeme 
Branch, A , and Lmder, G C , J Chn Invest , 1926, m, 299 The Associabon of 
Generalized Artenolar Sclerosis with High Blood Pressure and Cardiac 
Hj'pertrophj' m Chrome Nephnbs 

Bright, R , Gu}^s Hosp Reports, 1836, i, 338 Cases and Observabons Illustra- 
b\e of Renal Disease Accompamed with the Secrebon of Albummous Unne 
Chnsbson, R , Edmburg IMed and Surg J , 1829, xxxu, 262 Observabons on 
the \ anetv of Dropsj VTuch Depends on Diseased Kidney 
Cruise, F R , Lancet, 1890, i, 643 Note on Ureametrj' 

Frenchs, F T , Die Bnght’sche Nierenkrankheit, Braunschweig, 1851, p 173 
Green, W E , Bnt Med J , 1885, u, 1055 The Pracbcal Utihty of Estimabng 
the Amount of Urea Passed Daily 





468 


UREA EXCRETION 


clearance C„ and ma xim u m blood urea clearance Cm, defined in the 
precedmg paper (6) , are accordingly vmtten as 



^ U 173 Ux F,,, 

c..jxrx — ^ 


The corrected unne volume, Vcot , is the observed volume of unne in 

1 73 

cubic centimeter per minute multiphed by the factor , A bemg the 


body area m square meters that is normal for the subject’s height and 
age The clearance formulae, written with Foor m place of F, indi- 
cate the cubic centimeters of blood per unit surface area cleared of urea 
per mmute, the unit of surface urea being 1 73 square meters In the 
case of the C, formula, with Foor , the value calculated indicates the 
cubic centimeters blood clearance per unit surface area when the per 
mmute unne volume is 1 cc per umt surface area Blood clearance, 
unne volume, and hence augmentation limit are thus aU based on 
surface area fSee denvation of ongmal formula on page 102 of 
Austm, Stillman and Van Slyke (1)) 

The correclwn for body size is apphed as follows The age and 
height of the subject having been ascertained, the value of the correc- 
1 73 

tion factor is read from the Ime chart m figure 1 The observed 

A 


value of F, m cubic centimeters of urme per mmute, is multiphed by 
this factor The corrected F thus obtained is used in the standard 

clearance formula, C, = or the maximum clearance formula. 


Cm = 


UV. 


for the calculations outhned m the preceding paper f6) 


1 73 

In the correction factor ,A represents in square meters the mean 


surface area of normal persons of the subject’s height and age Sur- 
face area is thus used as the nearest available parallel to the mass of 
functionmg ren'al tissue (8) present in a normal subject Because of 
the likelihood that the subjects examined wiU be obese, edematous, or 
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Area, of Child of 13 6 Kgm Ideal Weight 



Fig 3 Urea Excretion Curve, Uncorrected and Corrected for Surface 
Area, of Child of 12 6 Kgm Ideal Weight 
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Fig 6 Urea Excretion Curve, Uncorrected and Corrected for Surface 
Area, of Child of 21 1 Kgu Ideal Weight 



Fig 7 Urea Excretion Curve, Uncorrected ant) Corrected for Surface 
Area, of Child of 23 8 Kcii Ideal Weight 








Fig 7 Urea Excretion Curve, Uncorrected an*d Corrected eor Surface 
Area, of Child of 23 8 Kgh Ideal Weight 
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Surface area (ideal for height) 
in scjuare meters 


I , 


Fig 10 Relationship of Surface Area to Uncorrected Maxdium 
Clearance Values of Normal Adults and Children 



S<^uare root of su^f<^ce area (ideal for height) 
in square" meters 


Fig 11 Relationship of Surface Area to Uncorrected Standard 
Clearance Values of Normal Adults and Children 
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In estimating the maximum blood urea clearance, however, by the 

UV 

formula C„ = a 10 per cent correction to V causes a 10 per cent 

correction to the C„ value calculated Hence, to avoid an error 
greater than ±5 per cent, we can neglect body size m estimatmg the 
maximum clearance only in adults between 164 and 176 cm , or 65 and 
69 mches, m height 


EXPERIMENTAL 

In order to measure satisfactonly the mfluence of body size on urea 
excretion rate it is necessary to compare children with adults With 
ordmary adults vanation m size, as a factor in mfluencing the volume 
of blood, the urea content of which is excreted per mmute, is less impor- 
tant than other, unknown factors, which may be summarized as “indi- 
vidual constitution ” These may cause the standard or maximum 
clearance of an individual, of average size and normal to all appear- 
ances, to vary by as much as 25 per cent from the mean normal clear- 
ance The effect of body size is so obscured by the greater effects of 
mdividual constitution that the size effect in adults can be measured 
only by statistical methods In order to make it an outstandmg factor 
it IS necessary to study subjects with a greater size range than can be 
obtamed m the adults usually available for observation 
We have accordmgly, by the technique described m the preceding 
paper (6), determmed the urea excretion curves on a number of chil- 
dren The numencal data are given in table 1, and the curves m 
figures 2 to 9 The correction for body size is made, as previously 
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described, by multiplymg the observed V value by the factor --j- 
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jects do not decrease so rapidl}’- as body weights They decrease 
rather as the surface area, or the 2/3 pow er of the weight 


The degree of exactness with which the maximum clearance, 


UV 
B ’ 


varies in proportion to surface area m different subjects is indicated by 
figure 10 m which we have plotted against surface area the mean 
maximum clearance for each of the 7 adults reported from this labora- 
tory in the preceding paper (6), and each of the children reported m the 
present paper In figure 11 the uncorrected standard clearance, 
U F 

— - — , IS similarly plotted agamst the square root of surface area for 
B 


each of the 17 adults reported in the preceding paper, and each of the 
children m the present one 


SmiMARV 

The calculated maximum and standard blood urea clearances, pre- 
viously defined (6), may be corrected for variations m body size by 
means of a factor based on the assumption, introduced by Addis (8), 
that excretion vanes directly as surface area Thus corrected, data 
from small children yield the same normal values as adults for the 
maximum and standard clearances, and also for the augmentation 
limit of unne volume, at which maximum excretory efficiency is at- 
tained 

The nature of the standard clearance formula is such that correction 
for body size in persons between 62 and 71 inches in height does not 
exceed 5 per cent, and in tests of renal function may be neglected 
For the maximum clearance the range of height with less than 5 per 
cent correction is 65 to 69 mches 
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volumes as low and as high respectively as desired, although many 
attempts on different days were made This was due to the loss of 
the power of concentration and of dilution respectively in these two 
patients 

The laboratory findings m our 6 cases of Bnght’s disease are given 
m table 1 The terms of classification are those used by Addis (1) 

CASE HISTORIES 

Case I Chi Hospital No 5335 Boy, 13 years old \\Tien 7 years old lie 
had acute glomerulonephntis, now relapse with hematuria and some edema 


TABLE 2 

Correction factors for bodv size 


Case 

Age 

Weight 

Height 

Body 

surface 

area 

ob- 

sen-ed 

Weight 
ideal for 
height 
and age 

Area 
ideal for 
height 
and age 

Correction factor 

Name 

Num 

her 

Hos- 

pital 

num 

ber 

1 73 
Area 
obsened 

1 73 
Area 
ideal 




ytars 

kgm 

cm 

sq m 

kgm 



■i 

Chi 



13 

38 

145 9 

1 30* 

37 5 


1 33 


Jas 



24 

56 

173 0 

1 66 

66 8 


1 04 


Cic 



24 

48 

163 4 


59 8 

1 65 

1 15 


Val 



24 

59 

176 0 

1 73 

69 2 

1 84 

1 00 


Gia 



24 

64 

175 0 

1 79 

68 3 

1 83 

0 97 





16 

38 

155 0 

1 31 

46 9 

1 43 

1 32 



* Calculated from the table of Benedict and Talbot for children Carnegie Trust 
Wash Publ No 302, 1921, p 61 

Surface areas of other patients are calculated by Du Bois’ formula ^ 


No loss of abihty to excrete urea or phthalem Course of the disease After 6 
weeks sent home with no edema, only a trace of albuminuna, and a shght micro- 
scopic hematuria Seen 6 months and one 3 ^ear later, when the hematuna had 
qmte disappeared, while the shght albuminuna persisted Other findings normal 

Case 2 Jac Hospital No 5699 Alan, 24 years old One year ago, 
tonsillitis followed by albummuna and marked edema This cleared up gradually 
m 6 months, but after chrj'sarobin treatment for psonasis severe relapse set m 
with edema, asates and hj drothoras Course of the disease Edema and anasarca 
cleared up completely m one month Seen 6 months later, there was then no 
edema and only a few red cells and casts m the unne 

Case 3 Cic Hospital No 5644 Alan, 24 years old Syphihs found 6 
years ago, since then repeated treatment with salvarsan and mercury One 
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No loss of abUity to excrete urea or phthalem Course of the disease After 6 
weeks sent home with no edema, only a trace of albuminuna, and a shght micro- 
scopic hematuria Seen 6 months and one 3'^ear later, when the hematuna had 
qmte disappeared, while the shght albuminuna persisted Other findings normal 

Case 2 Jac Hospital No 5699 Alan, 24 jears old One year ago, 
tonsillitis followed b}^ albummuna and marked edema This cleared up gradually 
m 6 months, but after chrj'sarobin treatment for psonasis severe relapse set m 
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Per cent 
of averoKC 
nonnal 
clearance 

ter cent 
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nitrogen 
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35 4 

33 8 

CO c\ m ^ 

»-< Ov CO O C\ o 

T-( ^ CS CN ’-H 0*1 

V 

Urine urea 
nitrogen 

mgm 

per 100 u 

384 

386 

347 

270 

198 

299 
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344 

345 

349 

209 

230 

185 

^VOOOCOIOIOCS'O 
cs C'j «-• CO 
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Urine volume 
corrected for body 
8i£c by factor 

1 from table 2 
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a 
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^ OOOO''-<OeS'^i-(CS^i*'^i0 

ti 
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-si 

Dg 

cc per 
mmUle 

0 37 

0 60 

0 50 

0 35 

1 27 

0 92 

1 92 

1 87 

1 83 

2 17 

4 17 

4 50 

4 83 

1 10 

0 97 

0 90 

2 17 

5 08 

6 37 

1 87 

0 88 

Time 

10-11 

11-12 

10-11 

11-12 

10-11 

11-12 

9-10 

10-11 

11-12 

12-1 

1-2 

2-3 

3^ 

9- 10 
10-11 
11-12 
12-1 

1-2 

2-3 

10- 11 
11-12 


Exp 20-1 Cic 

9am, 100 cc of water Venous blood 

Lxp 20 b Cic. 

9 1 m , 100 cc of water Venous blood 

Exp 20 c Cic 

9 a m , 100 cc of water Venous blood 

Exp No 22 Cic 

7 30 1 m , breakfast with 15 grams urea 
and 1000 cc of water 11 50 am, 
lunch t\ith 1000 cc of ^vater 1 20 
and 2 05 p m , 500 cc of water each 
time Cutaneous blood 

Exp No 14 Val 

8am, breakfast with 100 cc of water 

12 noon lunch with 1000 cc of water 

1 40 p m , 500 cc of water Cutane- 
ous blood 

Exp No 14r-a Val 

9am, 100 cc. of water Venous blood 
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TABLE 4 

Summary of data concerning urea excretion 
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In figure 7 the same urea excrebon curve as the one given in figure 
5 has been plotted on logarithmic paper In the loganthmic curve 
vanations m height are proportional to percentage changes, rather 
than absolute changes, m the data plotted In a uremic case, the 
clearance values are aU so low that vanations on them are mconspicu- 
ous, when plotted on an ordmary scale, as m figure 5 But when 
plotted loganthmically, as m figure 7, they are as evident as the 
clearance vanations of a normal subject 

The values for the augmentation limits, given m table 4, are on 
the whole somewhat lower than those found for normal subjects m 
the precedmg paper (6) The average figures for nephntic and 
normal subjects are 1 73 and 2 13 cc per mmute respectively The 
decrease m augmentation limit is hardly great enough to justify the 
conclusion that it represents an effect of the disease It is not very 
significant compared with the relatively great fall m the level of the 
curves observed m cases with damaged renal function 

In each case there is, compared with the normal, a fall of nearly 
equal proportions m the level of the ascendmg hne and m that of the 
horizontal hne reached at the augmentation limits, with relatively 
small change in the limit Consequently the standard blood urea 
clearance, mdicated by the height of the ascendmg hne at F = 1 cc 
per minute, and the maximum clearance, mdicated by the height at 
the augmentation hmit and beyond, show m these cases approxi- 
mately equal percentage dnrunutions below the normal The 
sundanty in the significance of results by the maximum and standard 
clearance dete rmin ations is also mdicated by the agreement between 
the percentages of normal values shown by the two clearances for 
each mdividual, mdicated by the figures with and without stars 
respectively m the last column of table 3 

In table 4 the vanations for the standard and maximum clearances 
m each patient are given The table shows that, as previously found 
with normal mdividuals, the average vanation m a given subject is 
shghtly greater for the standard clearance than for the maxuniun 
clearance 

In figure 8 all the curves are presented, with scales mdicatmg the 
per cent of normal standard and maximum clearance observed in 
each case It is apparent that both clearances tend to show about 
the same percentage faU m cases with renal deficiency 
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urme volumes above the augmentation limit of about 2 cc per mmute, 
proved to be equally sensitive a|S mdicators of renal function m these 
nephntics 

4 Our data confirm MacKay and MacKay (3) m showmg that 
loss of renal function may exceed 60 per cent before the blood urea 
content rises above the highest level observed m normal subjects 
Unless the excretion rate is also considered, the blood urea, taken 
alone, may fail to reveal dmnmshmg renal abihty untd the latter 
has reached an advanced stage 
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METHODS 


In each expenment observations were made over a 24-hour period, 
from 6am one morning until 6 a m on the next day Hourly urine 
specimens were collected from 6 ami until 10 p m , and then a single 
specimen was collected between 10 p m and 6am When the sub- 
ject was unable to void or there was doubt concemmg the complete- 
ness of voiding the hour penod was extended to 2 hours A sample 
of blood was drawn by vem puncture at 6 30 a m , the middle of the 
first urme collection penod, and then at the middle of each second 
hour thereafter until 8 30 p m The blood urea values for the inter- 
mediate hours were obtained by interpolation A sample was drawn 
at 9 30 p m for the last urme period of the day, and another at 6 a m 
on the following morning The average value of these two samples 
served as the blood urea concentration from which the standard 
clearance of the mght penod was calculated Unne collections were 
made withm 2 mmutes, and the blood samples were drawn within 
5 mmutes of the stated time The blood and unne urea concentra- 
tions were determmed gasometncally (7) The standard clearance. 


U /— 

C, = — V Vc, where U is the urme urea concentration, B the blood 
a 


urea concentration, and V the urme volume m cubic centimeters per 
mmute, was calculated as previously descnbed (4, 5) The urme 
volume, IS corrected m each case to Vc by the use of a factor dependent 
on the ideal body surface of the subject On the charts the standard 
clearance has been recorded as the actual value and as a per cent of the 
normal mean of 54 cc per mmute When Vc was above the augmen- 
tation limit of 2 the rate of urea excretion has been calculated on the 


basis of the maximum blood urea clearance. 


U VVc 


B 


( 5 ) 


These 


are recorded m the figures as a per cent of the mean normal, 75 cc 
per mmute, but have not been used m determmmg the variability of 
the rate of urea excretion 

The normal subjects on whom observations were made were up and 
about durmg the course of the experiments All of the patients 
suffenng from Bnght’s disease were confined to bed None of the 
latter received any coffee with their meals, while the normal subjects 
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Obsen’-ations on 5 patients witli degenerative Bnght’s disease are 
given m figure 3 With the exception of case no 12, one on whom 
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highly \'unable figures have always been obtained, the results are 
essentially similar Except for one case they all show the fall m the 
clearance in the morning after awakemng The increase in the clear- 
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vanable values occur between the hours of 9 and 12 a m It is during 
this penod that observations for clinical use have always been made on 
patients in our wards This period follows the breakfast hour, and 
from the point of view of the practical use of the standard clearance 
as a measure of renal function it becomes important to determine 
whether or not meals, especiall}'- breakfast, have any effect upon the 
clearance figures In the normal mdividuals who were examined 



there appeared to be a decrease in the value of the clearance after 
both breakfast and lunch From the obsen’^ations on patients no 
conclusion can be reached on this point 
In order to ascertain whether it is necessary to carry out this urea 
excretion test m the fastmg state a senes of observations were made 
on two patients with hemorrhagic Bnght’s disease Observations 
were made for two hours, from 6 to 8 a m before breakfast, and for 
two other hour penods, 9 to 11 a m after breakfast The tests were 
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made four days apart No coffee was given The results are given in 
table 3 Breakfast has no effect, for the volume of blood cleared of 
urea per mmute was in each subject consistently the same before 
and after the meal The average figures show a shght increase in the 
post-breakfast figures, but it is not sigmficant It is accordmglj 
unnecessary to limit measurements of the standard clearance to 
fastmg penods As additional proof that breakfast has no demon- 
strable effect, daily observations of the standard clearance were made 
between 8 and 10 ajn on a normal subject fno 2), and a patient (no 
14) with degenerative Bnght’s disease On alternate days breakfast 
was omitted The results m table 4 show that there was no effect 
The experiments detailed m table 3 mdicate that there is less 
vanabihty m a senes of observations made on an mdividual on 
different days, but at the same tune each day, then m 'a senes of 
obsen^ations all made on the same day 
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ACIDOSIS OF NEPHRITIS 




The method, m bnef, consists of the detennmation of total base, CCb, Q, 
morgamc phosphate and protein of serum The serum ivas obtamed from artenal 
blood or venous blood (without stasis) which had been secured and treated, by 
techmques already described, m such a manner as to prevent all air contact 
The procedures for detemunmg CO 2 and Cl have not been changed and the 
values for these factors previously given need no revision For total base a 
modification of Stadie’s (3) adaptation of Fiske’s method has been emploj ed 
m the recent studies We have isolated and analjTJed the benzidme sulfate in- 
stead of titratmg the benzidme filtrate as Stadie recommended Previously 
reported base determmations were made by a technique m which phosphates were 
not removed, but were, supposedly converted to a form m which they combmed 

TABLE 1 


Total base concentration tn normal scrum 


Subject 

Sei 

Age 

Total base 




m •<q 

D ]SI 

Male 

29 

154 4 




157 2 




155 7 




156 3 

H 0 

Male 

27 


F B 

Male 

30 


L D 

Male 

27 

152 5 

U W 

Male 

30 


E D 

Male 

26 


J P 

Male 

40 


A J 

Female 

28 


R I 

Female 

31 

152 5 

H D 

Female 

15 


A A 

Female 

16 

152 0 


with a definite eqmvalent of base Subsequent mvestigation showed that it 
was impossible to insure conversion of phosphates to such a stable form with 
any regulanty 

Earher base determinations were subject to an error, the magmtude of which 
depended upon the amount of morgamc phosphate m the serum, varymg from 
+1 to — 1 eqmvalent of base for every eqmvalent of P m serum As the serum of 
normal restmg adults contains only from 1 to 3 miUieqmvalents of morgamc P, the 
error is of btUe significance It may, however, attam a considerable magmtude 
m subjects with advanced chronic nephritis wnth high serum phosphates 

Fifteen analj’ses of the sera of 11 normal young adults (medical students, 
phj'siaans and laboratory’' workers) earned out by the new technique m this 
laboratory by Oard and Lee reveal a greater constancy m the concentrabon of 
total base than did the determmabons reported earher See table 1 






518 


ACIDOSIS OF NEPHRITIS 




The method, m bnef, consists of the determination of total base, CCb, Cl, 
morgamc phosphate and protem of serum The serum -svas obtamed from artenal 
blood or venous blood (without stasis) which had been secured and treated, by 
techmques already described, m such a manner as to prevent all air contact. 

The procedures for determmmg CO 2 and Cl have not been changed and the 
values for these factors previously given need no revision For total base a 
modification of Stadie’s (3) adaptation of Fiske’s method has been emploj ed 
m the recent studies We have isolated and analj'zed the benzidme sulfate in- 
stead of titratmg the benzidme filtrate as Stadie recommended Previously 
reported base detemunabons were made by a technique m which phosphates were 
not removed, but were, supposedly converted to a form m which they combmed 

TABLE 1 


Total base concentration tn normal scrum 


Subject 

Sei 

Age 

Total base 




m •<q 

D ]M 

Male 

29 

154 4 




157 2 




155 7 




156 3 

H 0 

Male 

27 


F B 

Male 

30 


L D 

Male 

27 

152 5 

M W 

Male 

30 


E D 

Male 

26 


J P 

Male 

40 


A J 

Female 

28 


R I 

Female 

31 

152 5 

H D 

Female 

15 


A A 

Female 

16 

152 0 


with a definite eqmvalent of base Subsequent mvesbgabon showed that it 
was impossible to insure conversion of phosphates to such a stable form with 
any regulanty 

Earher base detemunabons were subject to an error, the magmtude of which 
depended upon the amount of morgamc phosphate m the serum, varymg from 
-fl to — 1 eqmvalent of base for every eqmvalent of P m serum As the serum of 
normal resbng adults contains only from 1 to 3 milheqmvalents of morgamc P, the 
error is of btUe significance It may, however, attam a considerable magmtude 
m subjects with advanced chronic nephnbs wnth high serum phosphates 

Fifteen analj’ses of the sera of 11 normal young adults (medical students, 
phj'siaans and laboratory’' workers) earned out by the new technique m this 
laboratory by Oard and Lee reveal a greater constancy m the concentrabon of 
total base than did the detemunabons reported earher See table 1 






520 


ACIDOSIS OF NEPHRITIS 


ratio IS abnormal, calculations based on determmations of total protein only 
and assumption of an average ratio may be subject to significant errors Such 
errors are of bttle importance in dealing with normal blood as can be seen in 
table 2 They rmght attain a considerable importance in pathologic conditions 
assoaated with abnormal serum albumin globuhn ratios Fortunatelj' in these 
conditions the total protem concentration is usually low and the error corrcs- 
pondmgly diminished 

The present u ork has included detemunabon of serum pH only m rare mstances 
For the purposes of calculatmg base combmed mth protem an average pH value 
of 7 35 has been assumed The equabons given above are, therefore, simplified to 

BP(aib ) = 2 733 P 
BP(giob) = 1 869 P 
BP(prot.) = 2 476 P (A/G = 1 8 ) 

Such simphficabon, although obviously necessary if the total procedure is to be 
made generally apphcable to the study of chnical problems, mtroduces mto the 
calculabon^ another error 

Phosphate combmmg eqmvalents are also calculated with the assurapbon of a 
constant pH of 7 35 At this pH 80 per cent of the phosphate exists m the 


dibasic form 


pH and the rabo 


HPO 4 

H 2 PO. 


varj' m the same direction, as the reaction 


of the blood changes 

The total errors entailed in the assumpbon of a constant pH are seldom of 
important magnitude If morgaiuc P were as high as 19 mgm per 100 cc and pH 
as Ion as 7 00, phosphate eqmvalents calculated by the formula that has been 
employed n ould give a value only 1 m eq too high If m the same serum the 
total protem concentration were 7 00 per cent, the value obtamed for BP would be 
2 5 m eq too great If the A G rabo were only 1 0, a further posibve error of 
1 5 m eq n ould be mtroduced The total error m this extreme case m the estima- 
bon of base combmed with protem and phosphate would be +5 0 m eq with a 
negabve error of the same magmtude in the undetermmed aad value In the 
actual analj'ses presented errors never attained such magnitude because high 
phosphorus and Ion pH n ere usually assoaated with reduced protems 

The nen “total base” method was introduced in November, 1925 In the 
tables, then, base values of earher dates may be in error by as much as the eqmva- 
lents of morganic P found m the serum If protems were fracbonated it is mdi- 
cated in the tables When non-protein nitrogen of serum has been determmed it 
IS indicated m the tables by the letter s after the non-protem nitrogen value In 
all other instances whole blood non-protem nitroeen has been used for correction 
of the serum protan \ alues 

If the nener factors and methods are emplojed for the estimabon of theaad- 
base eqmlibnum of serum the concentrabon of the base combmed mth “undeter- 
mined aads” (sulfate -1~ orgamc aads) seldom exceeds and is usually considerably 
less than 10 milheqm\alents 
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ACIDOSIS OF NEPHRITIS 


tiirbances earlier observed It is believed that the data presented 
give a comprehensive view of the tj^ies of electrolyte disturbances 



0 5 10 15 20 25 30 35 40 


PQi + Unddermined AckJ oeq 

Fig 1 DisnuBunoN of Values for Base, Cl, HCOs and POi + Unde- 
termined Acid 

White columns mdicate normal values, black columns abnormal values 

that may be encoimtered m the blood of patients with conditions that 
cause subtotal destruction of renal tissue, although they do not 
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persistent vomiting from other causes (6, 18) result m loss of Cl and 
compensatory mcrease of bicarbonate in serum From the fact that 
vomitmg of nephritis does not cause alkalosis one would be inclined to 
infer that the vomitus is relatively deficient in free acid 

Phosphate, sulfate and organic acid as causes of acidosis 

Figure 1 D shows the frequency with which excessive quantities 
of PO4 + undetermined acids are encountered That PO4 accumula- 
tion alone offers an inadequate explanation of nephntic acidosis has 
already been mentioned Denis and associates (8) and others (9) 
have shown that the morgamc sulfate content of blood is often greatly 
mcreased m chronic nephritis with nitrogen retention More recently 
Atchley (10) found that, after complete ablation of kidney function, 
both PO4 and SO4 accumulated m the ‘serum and that the mcreases 
of these two ions accounted for the reduction of the concentrations of 
HCO3 and Cl In the present work no attempt has been made to 
estimate SO4 directly It is, however, mcluded m the “undeter- 
mmed acid” fraction Figure 1 D, while provmg that excessive 
PO4 + undetermmed aad values occur, also shows that the mcreases 
are far less frequent and usually of smaller magnitude than CO2 
reductions This would prove, as far as statistical treatment can 
prove, that accumulation of inorganic phosphate, sulfur, organic 
acids or any combmation of the three affords an entirely unsatis- 
factory explanation of nephritic acidosis as a whole, although any one 
of them exist and act as a contnbutory factor m mdividual mstances 
Figure 2 more specifically demonstrates the absence of any definite 
relation between PO4, undetermmed aad and HCO3 in observations 
m which aU were determmed 

Analysis of data from mdmdual cases shows that high imdeter- 
mmed aad occurred, with few exceptions, only when vomitmg was 
an important s)Tnptom and on this accoimt or another patients had 
not recaved adequate carbohydrate and flmds by mouth or by pa- 
renteral routes It was more frequently encountered m the cases 
observed earlj’" m the study when the admmistration of carbohydrate 
flmds was not so vigorously pushed, it often failed to appear even m the 
premortal state when large amounts of carbohydrate and fluid were 
gi\en, and it often disappeared rapidly after their admmistration 
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Even if accumulation of phosphate and suKate in the blood vere 
responsible for or regularly assoaated with the observed bicarbonate 
reductions, it would still be impossible to ascnbe the phosphate and 
sulfate accumulations directly to failure of the renal excretory func- 
tion Such an explanation mvolves certam assumptions that phos- 
phates and sulfates are obhgatory excretory products for the elunina- 
tion of which the organism is dependent upon the kidney, and that, 
m advanced renal disease, the imnary excretion of these substances is 
diminished As far as phosphate is concerned, neither of these 
assumptions is supported by experimental work Phosphate is 
largely excreted m the feces as weU as the unne and its partition 
between feces and unne seems to be determmed chiefly according to 
the needs of the orgamsm for the ehmmation of aads or bases Its 
level m the blood can be altered without appreaable effect on its 
excretion m the unne (12) and its ehmmation by the kidneys can be 
completely or almost checked by procedures that have no demon- 
strable mjunous effects upon the kidneys (13) Even if it were 
granted that the phosphate accumulations m the serum of dogs after 
complete ablation of kidney function demonstrated by Atchley (10) 
were a direct result of the animals’ mabihty to excrete phosphorus in 
the unne, it remams doubtful whether such extreme experiments 
have any important beanng on the problem of clmical nephntis 
The deduction that similar accumulations observed m dogs after 
pylonc obstruction are due to renal mjury (14) seems imwarranted 
Boyd (15) found that nephntic children with high serum phosphate 
showed negative phosphate balances on diets contammg small, but 
adequate amounts of phosphorus One experiment performed by 
Fetter (16) has an mterestmg beanng on the whole problem of the 
relation of hypeiphosphatemia to acidosis and renal function in 
nephntis Fetter admmistered disodium phosphate to a nephntic 
patient with high serum phosphate and low bicarbonate As a result 
serum bicarbonate was restored to the normal level and unnary phos- 
phate mcreased, but serum phosphate remamed unchanged 

Because of the low concentration of sulfate in normal blood and the 
rapidity with which administered sulfate is excreted in the unne, itis 
general!}' assumed with some reason that sulfate is essentially a waste 
product and an obligator}' excretory product for the elimination of 
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analytical errors because excellent duplicate checks were obtained and 
because smnlar values have been found in no examinations in the 
normal senes or in non-renal pathological subjects Furthermore, it 
IS more than a pecuhar comadence that two of the high bases should 
have been found m one mdividual, 29267, at an mterval of 10 months 
In only one mstance (29267, November 19, 1925) was high base found 
at a/tune when a patient presented senous symptoms or evidences of 
uremia In this one exceptional mstance base waspresumably faUing, 
with the rather acute development of uremic manifestations and 
vomitmg, from a still higher level 

As to the causes for high base concentration the data available are 
altogether too meager to permit any entirely satisfactory conclusions 
High base occurred only when patients were or had recently been out- 
side of the hospital on comparatively unregulated diets In one case, 
33247, administration of large amounts of flmd, with the production 
of water diuresis without salt restnction, was followed by reduction 
of the base concentration to the normal level within a week One 
gams the impression that the msuffiaent kidney is unable to excrete 
large quantities of base imless large amounts of water are simul- 
taneously made available 

Low base is encountered far more frequently than high base and is 
especially prone to develop in the uremic state As base may be 
considered a measure of the total electrolyte concentration of the 
serum, it is also a measure of the substances normally responsible for 
the determmation and mamtenance of the osmotic pressure of the 
serum On this account it has been suggested that the total elec- 
troljde (base) deficiency m the serum m nephritis is an adaptive 
reaction to compensate for the presence of an abnormal excess 
of organic molecules, such as the end products of nitrogenous 
metabolism, which accumulate in the blood as the result of renal 
insufiiciency Gram (17) and others have, in pomt of fact, 
demonstrated, m certain cases of nephntis with nitrogen retention, di- 
mmished serum conductivity with normal or excessive freezmg pomt 
depressions A similar assoaation of high non-protem nitrogen and 
low base is found m pylonc obstruction Because, from the nature 
of the condition, it seems logical to presume that the reduction of base 
IS the primary change, Hartmann, Scott and Moser (18) have sug- 
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That there is not even a close association between reduction of base 
and azotemia is clearly indicated m Figure 3 The shght tendency for 
high non-protem mtrogen and low electrolytes to coincide is certainly 
no more than one might expect if electrolyte deficiency and azotemia 
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were both frequent but uncoimected results of the same pathologic 
condition Theoretically it is questionable whether a reduction of 
electrolj’tes to which body membranes show a peculiarly selective 
permeabihty would offer an effective compensation for increased 
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spite of the fact that both Cl and PO 4 + undetermined acid are often 
elevated This explams the fact that HCO 3 never exceeds the normal 
limits 

If the determinations with high base only are considered it appears 
that the acids that combme with the excess are Cl or undetermined 
acids Among the cases with low or normal base one finds a few in 
which Cl is above the normal level with HCO3 proportionately re- 
duced Both these groups conform to the type which Blum, Delaville 
and Van Caulaert (21) and others have spoken of as “dry chloride 
retention ” Such a term, however, cames the unproved implication 
that the hyperchlorenua is a primary change, the result of mabihty of 
the kidney to excrete the chloride ion 

In most cases m which Cl is low, base is also dunmished, the con- 
verse is not, however, as consistently true HCOs, alone may bear 
the brunt of base reduction 

It IS evident that most of the disturbances descnbed can be in- 
cluded under the general term “acidosis,” if the latter is used m the 
sense in which Van Slyke has employed it to descnbe those conditions 
m which there is a defiaency of bicarbonate (or base not bound by 
aads other than carbomc) It is clear, however, that such a sunple 
term hardly does justice to the great vanety of electrolyte patterns 
observed m nephntis Such reductions of bicarbonate may be asso- 
ciated vnth total electrolyte deficiency (low total base), high Cl, high 
phosphate, high imdetermmed acid, or a combmation of two or more 
of these factors It is also clear that profound disturbances of 
electrolj’te equihbnum may occur without any senous alteration of 
bicarbonate, especially if base is high It would seem obvious that 
more than one factor must be responsible for the production of so 
many diverse patterns and that, to be rational, therapy must take 
these factors mto account 

Pathogaiesis of ekctrolyte changes and their therapeutic zntphcalions 

In discussmg the subject of pathogenesis of electrolyte change and 
their therapeutic imphcations use will be made of certain metabolism 
data V hich are presented m the succeeding paper In the last column 
of Table 3 when it is noted that the Cl-balance was negative it means 
that the Cl m the excreta collected exceeded that in the food and 
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It has been suggested that the hypochloremia of nephritis is due to 
transfer of Cl from blood and body fluids to the tissues, where it 
accumulates in excess In dogs depnved of kidney function Atchley 
(10) was unable to detect such accumulations m any tissues w'hich he 
analyzed In our own studies, when all excreta were collected and 
analyzed it proved possible to account for changes in the level of serum 
Cl from observed salt and water balances There would seem to be, in 
the most severe stages of nephritis with uremia, a loss of the ability of 
the organism to mamtam the usual equihbnum between salt and water 
excretion and to mamtam the concentration of these substances m the 
serum at the normal constant level Cl continues to appear m the 
urme m relatively large amounts even when serum Cl has fallen far 
below the normal level and even below the level which has been called 
by Ambard the threshold of chloride excretion 

On the other hand, by givmg large amounts of salt, it is possible to 
mamtam Cl at the normal level or to restore it if it is reduced It is 
even possible to push it above normal, especially if the flmd mtake is 
not increased m proportion to the salt Apparently the abihty to 
ehmmate large amounts of salt, espeaally m the absence of a propor- 
tional amount of water available for urme formation, is impaired 

In general serum base concentration follows that of Cl, although 
there are distmct exceptions to this rule From this one can infer that 
chlonde is largely excreted as BCl Unfortunately, because of tech- 
nical difficulties, base balances have been determined m no cases 
Base is often reduced when Cl is normal or high and is sometimes high 
m relation to Cl These exceptions to the general rule of paraUehsm 
between these two factors are probably referable to the accumulation 
of other aads that may specifically depress Cl, on the one hand, and 
impairment of the mechanism for the formation of ammonia on the 
other Because of the latter the orgamsm is forced to employ fixed 
base to neutralize any acid products of metabohsm excreted in the 
urme 

It has been suggested by de Wesselow (7) that vomitmg and reduc- 
tion of Cl are adaptive reactions to compensate for retention of phos- 
phate Others ha\e suggested that base and Cl deficiencies are 
adaptue reactions to compensate for abnormal accumulations of 
nonelectrolytic substances, presumably chiefly non-protem nitrogen, m 
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With uremia, enough salt must also be given to prevent salt depletion 
How much salt should be given is another question The authors 
have found that m cases m which there is no tendency to waste salt by 
extrarenal channels, 7 to 10 grams of NaCl daily (that is, 5-7 grams 
added to a salt-poor diet) is sufficient, if the unne volume is 2000 to 
3000 cc If because of previous misdirected dietary therapy or restnc- 
tion of fluids, dehydration or salt depletion or both already exist, lar ger 
amounts of salt are reqmred at first to overcome deficienaes and to 
permit the retention and storage of water without dilution of the 
electrolytes of serum and tissues 

Undoubtedly such treatment will, at times, result m the production 
of or aggravate an already existmg edema In this senes edema was 
never observed, even after the subcutaneous admmistration of large 
amounts of sahne, unless there were present obvious signs or symptoms 
of heart failure This is generally recognized to be the rule in these 
patients, who ordinarily have a definite tendency to diuresis The 
aim of forcmg fluids and salt is to overcome and prevent dehydration 
and to promote the ehmmation of a large unne volume Obviously, 
m the presence of heart failure, ohgiuia and edema, this end can not be 
effected unless cardiac compensation can be estabhshed However, 
fluid restriction even in these cases should be moderate and can only 
be considered as a temporary expedient Metabohsm does not cease 
and the production of metabohtes, the retention of which is the pre- 
sumable cause of uremia and death m these cases, contmues whether 
unne is excreted or not, with the result that these substances accumu- 
late m excess m the body dunng penods of ohguna The only salva- 
tion for such patients is the ehmmation of an adequate unne volume 
Unless this can be mduced by rest and digitahs a fatal outcome is 
mevitable 

The large amounts of fltud lost by extrarenal channels are often 
forgotten m the treatment of t|iese cases Loss of water by lungs, 
sweat, vomitus and bowel is of httle benefit to the organism m the 
elimmation of metabohc products That this is becommg more and 
more generally accepted theory is evidenced by the ever diminishing 
use of so-called “depletmg measures ” In nephritis with edema from 
heart failure dyspnea is a strikmg feature, often the result of fixed 
acidosis as well as of the factors active m the production of cardiac 
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The clearest illustration of this condition is found in Case 36048 
When first seen by us this patient was in coma, extremely dehydrated, 
with blood non-protem nitrogen high, undetermmed acid shghtly 
elevated and base and bicarbonate greatly reduced Two days later, 
after vigorous mtravenous and subcutaneous admimstration of 
normal sahne and iso tome glucose he was consaous and greatly 
improved Base had risen almost to the normal level, the undeter- 
mmed acid excess had disappeared and Cl had reached the abnormally 
high concentration of 118 m eq Bicarbonate, however, was stdl 
extremely low For the next three days moderate amounts of bicar- 
bonate were given daily, while the admmistration of salt and carbo- 
hydrate was continued At the end of this time he presented a prac- 
tically normal electrol 5 d;e pattern and was so much improved that 
he was able to sit up in bed and eat his own meals, making the further 
parenteral admmistration of fluids unnecessary 

In certam instances, then, base reductions develop m excess of Cl 
deficit, perhaps because base is wasted m the unne for the neutraliza- 
tion of foreign acids, since ammoma is unavailable Under these 
circumstances bicarbonate admmistration is mdicated It is not, 
however, rational to attempt to restore base defiaency m general, or 
low CO 2 capacity due to other causes, by bicarbonate therapy Ellis 
(22) has pointed out the tendency of nephritic patients to develop 
alkalosis and tetany, if they are given bicarbonate when it is not 
clearly indicated 

A word should, perhaps, be said about the serum proteins m relation 
to acid-base eqmhbnum, although the general subject of theprotemsm 
renal disease wiU be treated m a separate pubhcation The concen- 
tration of serum proteins is extremely variable, but more often low 
than high and, therefore, can not be held responsible for reductions of 
HCO3 or Cl The rapid vanabihty of the protems suggests changes in 
the water content of the blood 


SUMMARY 

Studies of the total electrolyte equihbnum of the serum have been 
made on a large senes of patients with serious renal damage due to 
nephritis, vascular disease and “surgical” kidney conditions 
The most promment feature of the data is the extreme vanabihty of 
almost every electrolyte component 
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On admission he appeared pale, wasted, dehydrated, somewhat stuporous, 
breathing rapidly and heavily, watli face and extremities twntching His heart 
was enlarged, his systolic blood pressure 180, diastolic 115 He had advanced 
albuminuric retinitis 

Administration of adequate calones and fluids by mouth failed because of con- 
tinuous \omiting His stupor deepened to coma and he finally developed con- 
imlsions 

At the time of the 14th studv, December 17th, he was much impro\cd, rational, 
and taking food and fluids bj moutli without vomiting December 22nd, he was 
able to sit up m a chair 

December 24th he was seired with pain in the flanks, urgency and dy-suna, and 
pus was found in his urine After this he became rapidly worse 

At the time of the last examination, January 9th, he was again stuporous and 
vomiting His breathing was labored and stertorous and profuse rales were 
heard o\cr both lungs He died Januar%' 11th 

The unne showed a specific gra\iU constantly low, 1 002 — 1 010, a vanable 
amount of albumin, casts and red cells After December 24th, 1925 it became 
franklv purulent 

He had a progressuc anemia, his red blood cells and hemoglobin falling from 
4 7 million and 80 per cent, rcspcctnch, to 1 5 million and 45 per cent in the 
course of his disease 

AulopsN revealed Scars of kidnc\ with glomerular adhesions and atroph\ and 
hypcrtroph\ of tubules Subsidiary Cardiac hypertrophy Fibrosis of myo- 
cardium Focal pneumonia Arteriosclerosis Acute c^stlbs 

Case iw 60345 A married Amcncan woman, aged 21, was admitted to the 
hospital Apnl 16, 1927 

Dunng the preceding y ear she had dc\ eloped increasingly frequent headaches, 
dyspnea on exertion, cardiac palpitation, polyuna and noctuna Very rccentlv 
pufliness of the face, swelling of her legs, pain and swelling of her throat had 
appeared, attended by a racking non-productix c cough, diffuse backache and dull 
headache, and later \ omiting As the xomiting increased the edema diminished, 
but other sy mptoms, including dyspnea, became aggrax ated 

She appeared acutely ill, anxious and distressed, pale, cyanptic, with marked 
dyspnea and orthopnea, tachy cardia and a blood pressure of 180/120 There was 
some pufliness about the ey’es, extremities and trunk, but no definite edema The 
heart was much enlarged, witli a rough sxstolic murmur at the apex and accentua- 
tion of the aortic second sound Over the bases of both lungs there were dullness 
and numerous rdles, espeaally' on the left side where the breath sounds were some- 
what suppressed The liver was large and tender There were no significant 
retinal changes 

Wth rest, digitalis, and dietetic treatment she improved greatly and was dis- 
charged on June 26th She xvas readmitted August 31st, m a stuporous condition 
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At the time of the second study the arthntis was subsiding By May 6th, 
yhen he yas free from arthntis, the blood non-protein nitrogen had fallen to 58 
mgm per 100 cc He y as discharged in this condition, greatly improved 

The third examination was made May 28lh, yhen he returned to the dispensary 
in another acute attack of arthntis He did not return again 

His urine showed a specific graxntj of 1 005 to 1 012 At first there wasmuch 
albumin and many red blood cells, but these diminished as the acute attack of gout 
subsided 

Blood counts 4 1 to 3 6 million red blood cells, 85 to 60 per cent hemoglobin, 
17,200 to 4,900 leucocjtcs 

Case no 36041 A single male, aged 29, was admitted to the hospital Fcbruai^ 
23, 1925 

He was reported to ha\c had acute nephritis in 1909, and after 1918 albumm 
and casts y ere repeatedly found in his unne February' 23, 1925, his blood pres- 
sure was 172/115, but it fell to 142/110 b\ March 4th when he yas discharged 
Physical examination was otherwise negatne except for a small tophus on the 
nght car, and the patient was free from all siauptoms 

In August 1925, he had an acute attack of gout lasting four or fixe days and 
relieved by anchophen 

From Apnl 1925 on he complained of more and more persistent suboccipital 
headaclies, which continued in spite of medication His systolic blood pressure 
also remained more consistentlx high and the diastolic pressure rose 

October 15th, 1926 the blood was examined again because of the persistent 
headache and he was ordered a diet restricted in both protein and salt The 
fourth blood study' was made Noxember 12tb, after he had been on this diet for 
almost a month The fifth examination was made a month later xxhenhehad 
relaxed his diet The third, fourth and fifth were all made while the patient was 
out of the hospital and the diets xxerc ncx'er stnetlx controlled The changes in 
dietary' salt did not influence his sx mptoms 

His condition continued with little change until May 1927, xxhen he began to 
complain of occasional cardiac palpitation Dunng the succeeding summer he 
xxent away' for a month’s xacation and, dunng this, was somewhat rcliexcd of his 
headaclies and other symptoms Hoxxexer, they recurred as soon as he resumed 
his normal life 

After the latter part of December 1927, he had incrcasinglx frequent attacks of 
cardiac palpitation and dxspnea In March 1928, he also dex'eloped anorexia 
and nausea, with occasional xomiting 

Apnl 7th he began to x'omit at frequent intervals and the following dax de- 
veloped arthntis of the left great toe liis breathlessness and headache had, 
meanwhile, improved The arthntic pain xxas rapidlx rcliexcd by cinchophcn, 
but vomitmg continued About two xxecks later he dex eloped a cough and his 
dyspnea returned 
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sharp kyphosis of the lower dorsal and upper lumbar spine, knee jerks and ankle 
jerks were absent and both legs were definitely atrophied, though not paralyzed 
A penurethral abscess was found, discharging pus, blood and unne The next 
dav this was opened wide and was found to extend into the ischiorectal fossa and 
to the epididjTnis March 5th some abscessed teeth and roots were removed under 
gas and oxj'gcn 

After tins he was unable to take fluids, became more and more stuporous and, 
bj March 8th, when the first blood examination was done, was in coma, wath 
deep, labored respirations 

Intravenous glucose was given with some benefit on this da> and on the next 
intravenous glucose and subcutaneous salt and glucose The second study was 
made on March 10th, after this treatment The treatment was repeated on the 
10th, and on the 11th and 12th intrav'cnous sodium bicarbonate was giv'cn as well 
llv March 11th he was much improved, consaous and able to take fluids bj 
mouth Ihc third studj was made on the 13th, after this treatment After 
this, intravenous and subcutaneous treatments were stopped because he was able 
to take food bv mouth IIis sail and fluid intake fell somewhat lower, but he 
seemed rclativclj well when the last studv was made, on March 19th and when 
he was discharged on March 21st However, he died about three weeks later at 
home 

Autopsv was not obtained 

Case no 20021 A married woman, aged 35, was admitted to the hospital 
Tebruan 20th, 1925 

In 1914, 1919 and 1922, the last time following a pregnanev, she had had 
cv slis and bilateral pj cliUs 

rebruarj 22nd, 1925 she developed dizzinc^ and blurnng of vision, vomited, 
and felt feverish and weak 1 hrcc davs later slit ‘ fainted” several times Feb- 
ruarv 2Stli severe headaches, dvspncn and palpitation began with extreme fre- 
quenev of unnation, thirst and vomiting The nevt morning she had two con- 
vailsions for which she was sent to the hoipital On admission she appeared sick, 
anxious and restless and complained of severe ocapital headache Both optic 
discs were swollen and there were hemorrhages in both retinae The heart was 
not enlagcd, the blood pressure was 200/150 

Her urine showed a spcafic gravntj of 1 010, hcav-j albumin, numerous casts and 
leucocytes 

The first blood examination was done when she entered the hospital She was 
given large amounts of carbohjdrate containing fluids and salt for the first 
day and then a diet somewhat restneted in protein, but high in fluids and salt 
She improved rapidly and bv the time of the second studj , hlarch 9th, was eating 
her diet well and feeling quite fit She was disdiarged on hlarch 15th After 
this she vv as followed in the Dispensarj' 

She was again in the hospital for v'omilmg and convulsions, October 12th to 
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BOTOCHLOREMIA IN NEPHRITIS 


The methods for control of diet and collection and analysis of excreta were 
only gradually developed as the work proceeded 

In earher studies salt poor diets or salt poor diets to which a known amount of 
salt had been added were given The Cl m such salt poor diets, estimated by 
the aid of the usual tables of food composition never exceeded 35 mM (2 grams of 
NaCl) daily Although low or falling serum Cl was usually attended by negative 
Cl-balances when patients were on salt poor diets, the addition of Cl to such diets 
sometimes resulted m positive Cl balances although serum Cl contmued to fall 
More ngid dietary control was therefore mstituted 

All diets were prepared salt poor m the diet kitchen and their Cl-content care- 
fully calculated from the best available food tables Extra salt, carefully weighed, 
was provided m small flasks from the laboratory, to be added to the food dunng 
the day by the patient Food refused by the patient was carefully reweighed, the 
salt and mtrogen m the refusals estimated and subtracted from the salt offered 
The flasks were also reweighed m the laboratory at the end of the dav if the extra 
salt had not all been used 

The deasion to put added salt on the food m the wards was taken because it 
was appreaated that if such additions were made m the diet kitchen it was prac- 
tically impossible to msure the complete transfer of the salt from cookmg utensils 
to dishes, because such a techmque required the separate preparation of each 
article of diet for every mdividual, and because it required separate weighmg of 
the salt to be used on each individual dish m the diet On the other hand, with 
the system adopted, if a patient was unable to eat any of the food he had salted 
it was impossible to estimate the amount of salt refused As both appetites and 
digestions of some of these patients were most capnaous, such occurrences were 
not uncommon If salt thus lost were neglected apparent positive balances would 
result 'W'hen salt was given subcutaneously or mtravenously, as it was m some 
of the most severe cases, salt mtake could be calculated with considerable accuracy 
At first unne alone, collected mth aU the usual precautions, was analyzed for 
nitrogen and Cl Attempts were also made to collect all vormtus, with only 
partial success In later experiments great efforts were made to collect all excreta, 
unne, vormtus and feces 

Special unnals and bed-pans were provided by the laboratones to the wards 
All specimens of unne, vomitus or feces were brought to the laboratory and 
placed immediately m the refngerator m the receptacles m which they were 
onginally collected In the laboratory these specimens were quantitatively 
transferred, measured and subjected to analysis If the stools were contammated 
by unne, a surpnsmgly common occurrence considenng the precautions taken 
against it, the unne was decanted and treated with the other unne 

Unne, feces, and vormtus were analyzed for both nitrogen and chlonde Un- 
nary mtrogen was detenmned by the usual Kjeldahl procedure. Cl by Volhard- 
Harvey titration In some of the earher studies of vomitus Cl was detenmned m 
the same manner, while total and free aad were titrated with phenolphthalem and 
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of the most severe cases, salt mtake could be calculated with considerable accuracy 
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TABLE 1 

Patients vntJi hypochloremta 


1 


Scrum 



Number 

Date 


Vomit 




Cl 

Ba&e 




nM 

mil 



26672 


74 6 


++ 

Urinary retention 

14188 

December 9 

127 1 


+ 



December 16 

78 6 


+ 

Water without salt 

18826 


80 7 


+ 


26555 

December 10 

95 1 


+ 



December 12 

90 1 


++ 


29522 

March 6 j 

91 8 


++ 

1 Urme contained httle salt, but pa- 

March 17 

89 6 


++ 


April 1 

92 6 


++ 

1 bent received practically none 

29039 

January 25 

109 5 


+ 

On admission 


January 26 

88 6 



After fluids, mcluding subcutaneous 






sahne 


January 27 

97 4 



After bicarbonate, sahne and glucose 


January 28 

98 5 



After further glucose and sahne 

33049 


86 8 


+ 1 



BSi 

86 8 



Flmds without salt 

26409 

November 20 

82 9 


++ 



November 28 

82 9 



After salt poor diet. Negative Cl 






balance from urme alone 


December 5 

87 5 


+ 

After 7 days with low flmds and 7 






grams of extra salt 


December 17 

81 9 


+ 

After 2 days of salt poor diet with 






high flmds 


December 27 

78 1 


+ 

2 days before death Stupwrous, 






takmg no flmds 

15012 

December 5 

106 1 


0 

On admission 


December 22 

90 4 


0 

After salt poor diet with forced fluids 


January 20 

103 7 


0 

Records madequate 

28049 

February 8 

89 2 


(+) 



February 11 

80 4 


(+) 

Salt poor diet, high flmds Negative 






Cl balance 


February 16 

86 9 


+ 

Negative Cl balance 


February 25 

87 4 



Negative Cl balance 


March 1 

87 2 


+ 

Negative Cl balance 


March 4 

93 0 



Subcutaneous sahne on March 2 and 3 


March 7 
March 8 

87 2 
89 9 



1 Takmg no food, 
12 houm before g^^^s nor salt 






death J 

35795 


92 2 

146 3 

++ 

On admission 

52843 

October 11 

99 8 

146 3 

+ 



October 20 

93 9 

142 2 

+ 

Vomited until October 17 and took 






httle food, fluids or salt 
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HYPOCHXOREMIA IN NEPHSITIS 


foods was contemplated, but was not adopted Such dietswould have 
been highly desirable from the standpomt of secunng supenor data, 
but, from the standpomt of therapy and the happmess of the experi- 
mental subjects, would have been less satisfactory than the diets 
actually given, which were chosen with attention to the tastes and 
capnces of the patients and with careful consideration of existmg 
psychological and physiological disturbances of appetite, digestion 
and other functions 

Exammation of table 1 shows that m 25 out of 63 instances low 
serum Cl was observed m patients who had, durmg a precedmg period, 
received httle or no salt, either because they had been given salt poor 
diets or because, on account of coma, stupor or vomitmg, they had 
been unw illin g or unable to take diet or flmds Besides this m every 
one of the 16 exammations m which hypochloreima was found at the 
time of admission to hospital persistent vomitmg had been an outstand- 
mg symptom In three other instances Cl balances had been dis- 
tmctly negative In stiU another three. Cl was stiU low, but had 
risen from a previous lower level m response to the admimstration of 
suffiaent salt to produce a positive balance Data are madequate 
for the analysis of four determinations On three occasions bicarbon- 
ate had been given Twice edema appeared to explam the coexistence 
of hypochloreima and a positive Cl balance 

This leaves only 7 out of 63 instances m which, while patients were 
m the hospital, reduction of Cl, which could not be explamed on the 
basis of relative dietary defiaency, persisted 

Vomitmg, which was a promment feature m 55 of the total 77 and 
in 48 of the 63 hypochloremic observations, offers the most obvious 
explanation for the deficits of Cl and base It was, however, entirely 
lackmg on 7 of the 15 occasions when low Cl followed or was associated 
with insufficient salt intake 

It has generally been held, with much experimental support, that 
It IS impossible by hmiting salt mtake to reduce significantly the 
chloride concentration of the serum of normal mdividuals, even if 
high flmds are given unless, at the same time. Cl loss by extrarenal 
channels is augmented The normal kidneys appear to offer an 
effectual bar to chlonde depletion Furthermore, if chlonde loss by 
other channels is mcreased as, for instance, m pyloric obstruction. 
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TABLE 2 — Continued 


Case 

number 

Date 

Serum 

Cl 

Unne 

volume 

Unne Cl 



1924 

tnM 

cc 

mif 
per Uitr 

mU 
per day 


29522 

March 6 

91 8 

360 

16 

6 



March 16 


1,280 

24 

31 



March 17 

89 6 

1,080 

21 

22 



April 1 

92 6 

380 

33 

11 



1925 






29267 

November 26 


2,520 

41 

10 



November 27 

96 4 

2,800 

40 

11 



November 30 


1,270+ 

39 

50+ 



December 1 

95 3 

1,770 

42 

74 



December 5 


950 

164 

156 



December 6 

96 2 

520 

263 

137 


1 

1926 







January 1 
January 2 

94 4 

2,860 

44 

125 

Involuntary 

56247 

January 17 


1,560 

18 

27 



January 18 

94 7 

11,500 

30 

44 



January 24 


1,500 

24 

36 



January 25 

92 5 

1,560 

19 

29 



January 31 


1,390 

21 

29 



February 1 

87 0 

1,390 

21 

29 


29635 

April 17 

April 18 

88 8 

1,970 

1 18 

26 


18496 

June 2 

95 0 






1923 






22684 

December 13 

93 7 

370 

33 

12 



December 18 


1,950 

100 

195 



December 19 

90 3 

800 

15 

12 



December 30 


325 

5 

2 



December 31 

75 4 

540 

8 

4 



1924 






29796 

April 7 

93 7 

580 

30 

17 



1923 






18925 

\ June 15 

June 18 

94 4 


59 




1 June 20 

78 1 


64 




unne Cl dirtumslies rapidly to vanish, finally, when serum Cl has 
fallen to a certam minimum level Ambard (4) claims that Cl dis- 
appears from the urme when its concentration m the serum drops 
below 96 rmlheqmvalents (5 62 grams per hter) In a series of 
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dilute the urine is also supposed to be lost so that the speafic gravity 
of the urine becomes fixed at a constant level, which is that of a 



Fig I Case 20921 



Fig 2 Case 29267 


solution of the same molecular concentration as blood serum This 
fixation of concentration is supposed to be exhibited in the excretion 
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long penods, althougli it is relatively fixed over shorter intervals 
Comparison with the level of serum chlonde also reveals no close 
relation with either concentration or total amount of chloride m 
urme To be sure both nse considerably when the serum chlonde is 
pushed up by the administration of large amounts of chlonde as, for 
example, m the middle penod of figure 3 On the other hand at the 
end of the course of study of this case both total excretion and con- 
centration were at almost the same level as they were at the begin- 
nmg, although serum Cl had fallen from 100 5 to 91 6 mM 

It IS, apparently, possible to elevate the concentration of chlonde 
m serum and m urme and to augment its excretion by the admimstra- 
tion of sufficiently large amounts of salt On the other hand, water 
and chlonde excretion seem to be more dependent upon one another 
than normal under any given conditions, as is evidenced by the rough 
paraUehsm between them m the charts Furthermore, chlonde 
contmues to be elimi nated at a rather constant rate at levels of serum 
Cl that usually result m achloruna FmaUy, m no case studied did 
even the most vigorous administration of salt lead to the ehmmation 
of a urme of high salt concentration even if serum Cl was dnven far 
above the normal level In fact only on two or three isolated occa- 
sions on smgle days m different patients did the urme chlonde con- 
centration equal that of the nearest serum observations In these 
mstances it is qmte possible that serum chlondes were higher at the 
tune of passage of the concentrated urme than they had been when 
the blood was withdrawn for analysis 

There is, then, an evident tendency to hyposthenuna and isosthe- 
nuna for Cl, although it is possible to cause considerable vanation m 
the concentration of Cl below a certain level The data suggest that 
the hmit of concentratmg power is the concentration of Cl m the 
serum 

If there is a defimte hyposthenuric tendency, administration of 
either salt or water, withm the capaaty of the organism, should facili- 
tate the excretion of the other If there is any tendency at normal or 
high levels of Cl for salt excretion to be accelerated and for diuresis 
to occur. It would seem advisable to adopt measures to promote such 
a process If, even at low levels of Cl ingestion and of serum chlonde, 
excretion contmues and is facihtated by water diuresis, admimstration 
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usually far m excess of that m vomitfis In another sense vomitmg 
IS by no means a neghgible factor m the production of hypochloremia 
When vomiting senously interferes with the ingestion of adequate 
amounts of food and fluids, the salt mtake becomes of necessity 
hmited and chloride wastage through the kidneys ensues as it does 
when a salt-poor diet is given 

It is of some interest to note that hypochloremia does not have the 
same hmiting influence on gastric Cl ehmmation as it does on unne 
chlonde excretion Cl may be excreted m relatively high concentra- 
tion in vomitus when the unne has become almost chlonde free 
This is best illustrated by case 35805, tables 1 and 5 Studies of 
pylonc stenosis would lead us to expect these results In most of the 
observations deductions concermng the concentratmg powers of the 
stomach can not be drawn because it is uncertain how much of the Cl 
recovered was derived directly from recently mgested food A few 
cases, especially 35805 and 56247 received nothmg by mouth ex- 
cept occasionally salt-free carbohydrate fluids, aU salt was given 
subcutaneously 

Analysis of both vomitus and unne stfll failed to account for aU the 
salt lost from the serum in some cases, so examination of feces was 
undertaken In most instances the amount of Cl in the stools was 
appreciable but not great and appeared to be due to the loss of unne 
during defecation, a frequently neglected factor that in these expen- 
ments has proved to be a source of large error It is surpnsing how 
few patients, espeaally among women, can control the vesical and 
anal sphmcters mdependently with any consistent measure of success 
Case no 56247, table 4, however, does show a loss of Cl m the stools 
so large that it can not be explamed as due to unne Whether similar 
leakage of chlonde via the bowel is a common cause of salt loss in 
nephntics or only a pecuhar anomaly of this mdividual remains to be 
determmed when other subjects presentmg similar conditions are 
observed It at least offers a possible explanation of some hitherto 
mexphcable chlonde deficiencies 

Low serum base 

In general fluctuations of serum Cl are reflected in parallel vanations 
of base, although there are exceptions to this rule, as has been indi- 
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November 29 
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December 7 
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TABLE 5 — CottUnued 


g 




Unne 





Vomit 





3 

Date 












o 




Vol 

ume 

Cl 

Volume 

a 

Fite aad 

Total add 

u 

to 








mlf 


mil 

ferliler 


mU 






cc 


mlf 

cc 

fCT 

liter 

mU 

mif 

per 

filer 

mil 

mlf 

34802 

October 9 
October 10 





200 

82 

16 

4 

1 

21 

4 

91 6 







230 

31 

7 

0 

0 

2 

0 



October 11 





57 

29 

2 

0 

0 

18 

1 








153 

94 

IS 

19 

3 

73 

11 








418 

34 

14 

0 

0 

23 

10 



October 14 





78 

50 

4 

6 

0 

28 

2 

79 7 


October IS 





255 

72 

18 

0 

0 

22 

6 








125 

46 

6 

0 

0 

22 

3 



October 19 





200 

79 

16 

9 

2 

38 

8 



October 21 





73 

98 

7 

0 

0 

45 

3 



October 22 





136 

89 

12 

0 

0 

24 

3 








160 

123 

20 

0 

0 

50 

8 

82 8 


October 23 





70 

140 

10 

0 

0 

39 

3 








122 

87 

11 

0 

0 

13 

2 



Total 





2,277 


158 




64 


29267 

December 

1 

1,700 

42 

73 

260 

50 

13 

0 

0 

41 

11 

95 3 


December 

2 


51 

111 

230 

62 

14 

12 

3 

73 

17 



December 

4 


60 

118 

31 

70 

2 

16 

0 

73 

2 



December 

5 



156 

186 

96 

18 

8 

1 

46 

_9 



Total 




458 



47 


H 


39 



December 

6 








■ 



96 2 

S6247 

January 13 


im 

38 

32 



3 


■ 



92 5 


January 25 



45 

29 

1,100+ 

45 

41+ 






January 26 



34 

34 

1,400+ 

79 

56+ 







January 27 



45 

31 

290+ 

55 

19+ 







Total 


4,010l 


B 

2,790+ 


116+ 







combination with endogenous carbonic acid while excretmg the Cl 
neutrahzed by ammoma In nephntis such adjustment is difficult, 
if not impossible Therefore, to restore complete normal equihbnum, 
it may be necessary to admimster bicarbonate as well as chlonde at 
tunes 

de Wesselow (8) has suggested that vomitmg is itself an adaptive 











570 


HYPOCHLOREUIA IN NEPHRITIS 


TABLE 5 — Continued 


£ 



Unne 





Vomit 





3 

Date 











o 



Vol 

ume 

Cl 

Volmnt 

a 

Fite Bad 

Total add 

V 

to 







mM 


mil 

ferliler 


Inn 

■ 




cc 


ffiAf 

cc 

fer 

liter 

mM 

mM 


mU 

mU 

34802 

October 9 
October 10 




200 

82 

16 

4 

1 

21 

4 

91 6 






230 

31 

7 

0 

0 

2 

0 



October 11 




57 

29 

2 

0 

0 

18 

1 







153 

94 

IS 

19 

3 

73 

11 







418 

34 

14 

0 

0 

23 

10 



October 14 




78 

50 

4 

6 

0 

28 

2 

79 7 


October IS 




255 

72 

18 

0 

0 

22 

6 







125 

46 

6 

0 

0 

22 

3 



October 19 




200 

79 

16 

9 

2 

38 

8 



October 21 




73 

98 

7 

0 

0 

45 

3 



October 22 




136 

89 

12 

0 

0 

24 

3 







160 

123 

20 

0 

0 

50 

8 

82 8 


October 23 




70 

140 

10 

0 

0 

39 

3 







122 

87 

11 

0 

0 

13 

2 



Total 




2,277 


158 




64 


29267 

December 1 

1,700 

42 

73 

260 

50 

13 

0 

0 

41 

11 

95 3 


December 2 

2,200 

51 

111 

230 

62 

14 

12 

3 

73 

17 



December 4 


60 

118 

31 

70 

2 

16 

0 

73 

2 



December 5 



156 

186 

96 

18 

8 

1 

46 

_9 



Total 



458 



47 


■1 


39 



December 6 








■ 



96 2 

S6247 

January 13 


38 

32 



3 


■ 





January 25 


45 

29 

1,100+ 

45 

41+ 





92 5 


January 26 


34 

34 

1,400+ 

79 

56+ 







January 27 


45 

31 

290+ 

55 

19+ 







Total 

4,010l 


94 

imm 


116+ 


■ 





combination with endogenous carbonic acid while excreting the Cl 
neutrahzed by ammonia In nephntis such adjustment is difficult, 
if not impossible Therefore, to restore complete normal equihbnum, 
it may be necessary to admimster bicarbonate as well as chlonde at 
tunes 

de Wesselow (8) has suggested that vomitmg is itself an adaptive 












572 


HYPOCBXOKEMIA IN NEPHRITIS 


be permeable to anions, pecubanties of distnbution appear that sug- 
gest that such permeability is relative It is, apparently, conditioned 
by (a) certam acid patterns that are charactenstic of mdividual tissues 
and (5) the need for readjustments m response to local endogenous 
acid production 

Such considerations alone would make the estimation of the chlonde 
content of the body, or even its changes, from correspondmg serum 
concentrations exceedmgly hazardous The data that have been 
presented deahng with salt balances mdicate that, m general, mcreases 
m blood salt concentration, other thmgs bemg equal, are assoaated 
with retention of salt Attempts to relate the two quantitatively 
have not been emmently successful Besides the mcalculable dis- 
tnbution of Cl m body flmds and tissues, the proportions of these 
fluids and tissues themselves are constantly changmg to mcrease the 
difliculty In certam studies that wfll be presented later attempts 
have been made to estimate gams or losses m tissue by means of the 
mtrogen balance and, employmg these for the correction of weight 
changes, to determme by difference alterations of the water content of 
the body Similar methods apphed to some of the cases of this senes 
tend to show that the body water content in advanced nephntis is qmte 
vanable and that fluctuations m water content are attended by similar 
changes m salt balance 

Although it IS qmte evident that blood water and tissue water are 
not always closely related, in the majonty of instances anhydremia is 
attended by hemo-concentration Stnkmg exceptions may be pomted 
out, usually m the presence of edema, when the blood may be mspis- 
sated while the tissues contam an excess of flmd Examples of this 
may be found m a diabetic case previously reported by the authors ( 9 ), 
and m one case of this senes With the exception of such cases, how- 
ever, m which hydrostatic factors may have played the chief part, the 
water content of the blood seems to reflect changes m the hydration 
of the body as a whole 

Attention has already been called to the vanabihty of serum protems 
m this senes of cases and to the probabflity that these vanations are 
partly due to changes m blood water Simultaneous determmations 
of serum volume by the dye method of K.eith, Rowntree and Geraghty 
(10), in case no 56247 have shown that this is the case The results 
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HYPOCHLOREMIA IN NEPHRITIS 


CONCLUSIONS 

Hypochloremia and deficiency of base in the senim in advanced 
nephritis seem to be the results of' 

1 A tendency for both base and chloride to be excreted m the 
urme when serum Cl has fallen below the level which, m the normal 
individual detenmnes achloruna 

2 Vomitmg, which attains its efi^ect less by producmg direct chloride 
loss than by mterfermg with salt mtake 

a The vomitus m uremia contains httle free hydrochlonc acid 
A considerable amount of the Cl m such vormtus exists in the form 
of BCl 

h Although the concentration of Cl m vomitus remams high even 
m the face of advanced hypochloremia the total Cl loss by emesis is 
usually small compared with that m the urme 

3 Considerable quantities of Cl may be lost m the feces m certam 
cases even if there is no diarrhea 

There is no necessity of postulatmg any pecuhar redistnbution of 
chlondes m the body to explain the hypochloremia 

The distribution of Cl is discussed as are the relations of changes m 
body water and salt content It is pointed out that hypochloremia 
and low serum base are usually attended by anhydremia and general 
dehydration 

The therapeutic imphcations of these findmgs are discussed 
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RENAL EDEMA 


few leucocytes or red blood cells A year after discharge albummuna persisted, 
but edema had not returned as long as he continued treatment His blood pres- 
sure was 164/88 on one occasion, at other tunes normal In 1924 he had become 
mfected with syphilis and his Wassermann was found to be strongly positive 

Case no 35628 (Protocol given at length m a previous paper (3)), a Polish 
male, aged 43, four months before admission, after tonsilhtis, developed generalized 
subcutaneous edema, double hydrothorax and asates His blood pressure was 
normal The urme contamed much albumm, many casts, moderate numbers if 
leucocytes and variable numbers of red blood cells Earlv m his course m the 
hospital he had two attacks of sore throat with fever His edema did not subside 
until after tonsillectomy, March 17th 

Case no 34854 (Protocol of first admission given at length m a previous paper 
(3)) , a Polish male, aged 29, was admitted with generalized subcutaneous edema, 
double hydrothorax, asates and splemc enlargement, which had first appeared 
two years earher after an attack of polyarthntis and had been aggravated by 
frequent sore throats which had contmued even after tonsillectomy His blood 
pressure was 155/95 on admission, but soon fell to normal His unne contamed 
much albumm, many casts and leucocytes and vanable numbers of red blood cells 
(sometimes gross blood) His course was marked by attacks of sore throat assoa- 
ated with fever and exaggeration of the hematuna He was discharged m August, 
but returned the next June, after a prolonged stay m another hospital, temporarily 
free from edema, but sick and emaaated After July 10th, symptoms and signs 
suggestmg embohc phenomena appeared with mcreasmg frequency September 
19th and October 8th he had typical apopletic seizures and died shortly after the 
second 

Autopsy revealed a massive cerebral hemorrhage, evidences of old and recent 
infarcts m several organs, a smgle, small fresh vegetation on the mitral valve, and 
large, swollen, kidneys that presented evidences of focal embohc lesionS difiuse 
glomerular nephritis and tubular degenerative changes 

Case 56883 An Amencan male, aged 21, was admitted because of a profuse 
albummuna that had developed after a severe attack of “gnppe” five years earlier 
His blood pressure was normal The urme contamed much albumin and moderate 
numbers of casts and leucocytes 

Case no 50265 A Swiss male, aged 36, with tuberculosis of the upper lobe of 
the left lung and a chrome dischargmg nght ear, developed edema of the lower 
extremities six months earher His blood pressure was normal The urme con- 
tamed large amounts of albumm and many casts, but no red blood cells nor 
leucocytes 
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Bactenological studies of the unne, blood and throat or other possible foa of 
infection were made in most cases Cultures of the unne proved sterile in cases 
29122, 50265, 56883, 56577, 61090, 62246, 61711 and. 34753 Theunnes of 50256, 
56577 and 34753 were also repeatedly exammed for tubercle bacilh but none uere 
found, cultures and gumea pig moculations were also negative Blood cultures 
from 34854 were repeatedly negative, although the unne cultures on several 
occasions yielded non-hemolytic streptococa Unne cultures from 35628, on tno 
occasions recovered a Gram-negative, non-motile bacillus which produced no aad 
on most sugars and was not agglutmated by the patient's serum Cultures from 
the abscess of 56577 yielded staphylococa Throat cultures from 61090 revealed 
chiefly non-hemolytic, but some hemolytic streptococa In the case of 61711, 
hemolytic streptococa were obtamed repeatedly from the throat dunng the acute 
infections, the same,, organisms were later recovered from the mastoid, and finally 
from the blood and toe pentoneal cavity 

Besides the examinations of the blood which are presented m the table, studies 
of mtrogen and chlonde in food and unne were made on cases 35628, 34854 and 
50265 Stools and vomitus of cases 61090, 62246, 61711 and 34753 were also 
exammed for the same constituents The notes on chlonde balance m the table 
are denved from these data, which will be presented m more detail m another 
paper 

As a matter of routine all patients, as long as edema was evident, received diets 
which contamed not more than 2 grams of Cl (as NaCl) daily Lmutation of flmd 
was purposely practised only while edema was extreme Fluid mtakes were, 
however, seldom large because, depnved of salt, patients lost their desire for 
water When edema could no longer be detected mcreasmg measured amounts 
of salt were given, these were discontmued if evident retention of fluid ensued If 
rest, diet and salt regulation were not followed by diuresis, ammomum chloride, 
urea and sometimes other diuretic drugs were given 

ANALYSIS OF RESULTS 

The results of electrolyte studies -mtli weights of patients and notes 
on edema and salt balance are presented m table 1 
No attempt wiU be made m this discussion to differentiate the neph- 
rosps from the glomerular nephntides In the authors’ opmion such 
a differentiation on a functional basis is impossible and on a chmcal 
basis extremely difficult Only a classification on etiological grounds 
can be of great value At certain stages of the disease 29122, 31190, 
50265, 56883, 56577, 61090, 62246, 61711 and 34753 presented the 
charactenstics of nephrosis Of these 34753 proved to have a true 
amyloid nephrosis Case nos 50265 and 56577, with pulmonary 
tuberculosis and chronic osteomyelitis respectively, may well have the 



580 


KENAL EDEMA 


Bactenological studies of the unne, blood and throat or other possible foa of 
infection were made in most cases Cultures of the unne proved sterile in cases 
29122, 50265, 56883, 56577, 61090, 62246, 61711 and 34753 Theunnes of 50256, 
56577 and 34753 were also repeatedly exammed for tubercle bacilh but none uere 
found, cultures and gumea pig moculations were also negative Blood cultures 
from 34854 were repeatedly negative, although the unne cultures on several 
occasions yielded non-hemolytic strep tococa Unne cultures from 35628, on tno 
occasions recovered a Gram-negative, non-motile bacillus which produced no aad 
on most sugars and was not agglutmated by the patient's serum Cultures from 
the abscess of 56577 yielded staphylococa Throat cultures from 61090 revealed 
chiefly non-hemolytic, but some hemol 3 dic streptococa In the case of 61711, 
hemolytic streptococa were obtamed repeatedly from the throat dunng the acute 
infections, the same;, organisms were later recovered from the mastoid, and finally 
from the blood and tne pentoneal cavity 

Besides the examinations of the blood which are presented m the table, studies 
of mtrogen and chlonde in food and unne were made on cases 35628, 34854 and 
50265 Stools and vomitus of cases 61090, 62246, 61711 and 34753 were also 
exammed for the same constituents The notes on chlonde balance m the table 
are denved from these data, which will be presented m more detail m another 
paper 

As a matter of routine all patients, as long as edema was evident, received diets 
which contamed not more than 2 grams of Cl (as NaCl) daily Limitation of flmd 
was purposely practised only while edema was extreme Fluid mtakes were, 
however, seldom large because, depnved of salt, patients lost their desire for 
water When edema could no longer be detected mcreasmg measured amounts 
of salt were given, these were discontmued if evident retention of fluid ensued If 
rest, diet and salt regulation were not followed by diuresis, ammomum chloride, 
urea and sometimes other diuretic drugs were given 

ANALYSIS OF EESDLTS 

The results of electrolyte studies with weights of patients and notes 
on edema and salt balance are presented m table 1 
No attempt wdl be made m this discussion to differentiate the neph- 
rosps from the glomerular nephntides In the authors’ opmion such 
a differentiation on a functional basis is impossible and on a chmcal 
basis extremely difficult Only a classification on etiological grounds 
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Bactenological studies of the unne, blood and throat or other possible foa of 
infection were made m most cases Cultures of the urme proved sterile m cases 
29122, S0265, 56883, 56577, 61090, 62246, 61711 and 34753 The uimes of 50256, 
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found, cultures and gmnea pig moculations were also negative Blood cultures 
from 34854 were repeatedly negative, although the unne cultures on several 
occasions yielded non-hemoljdic streptococa Unne cultures from 35628, on tvo 
occasions recovered a Gram-negative, non-motile bacillus which produced no aci 
on most sugars and was not agglutmated by the patient’s serum Cultures fi 
the abscess of 56577 yielded staphylococa Throat cultures from 61090 rei 
chiefly non-hemolytic, but some hemolytic streptococa In the case of 
hemolytic streptococa were obtamed repeatedly from the throat dunng 1 
infections, the samc^nrganisms were later recovered from the mastoid, 
from the blood and Lie pentoneal cavity 

Besides the exarmnations of the blood which are presented m the 
of mtrogen and chlonde m food and urme were made on cases 3 ' 

50265 Stools and voimtus of cases 61090, 62246, 61711 and 
exammed for the same constituents The notes on chlonde l 
are denved from these data, which will be presented m m 
paper 

As a matter of routme all patients, as long as edema v 
which contamed not more than 2 grams of Cl (as NaCD 
was purposely practised only while edema was et 
however, seldom large because, depnved of salt 
water When edema could no longer be detectr 
of salt were given, these were discontmued if evi 
rest, diet and salt regulation were not foUov < 
urea and sometimes other diuretic drugs wer' 
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tionated estimation of the base combmed with it is too large In the 
same studies, then, the estimated value for “undetermined aad” is 
correspondingly too small This offers an adequate explanation for 
most of the negative (base < total determmed aad) values recorded 
Some of these (34854, December 6 and 34753, December 18), how- 
ever, are so large that they can hardly be explained on this score Fur- 
thermore, similar negative values were found m two mstances when 
protems were fractionated, 61090, September 21 and 62246, November 
15 (There is some reason to doubt the accuracy of the determinations 
on 31190, June 4 and 62246, February 7 ) It is hard to beheve that the 
sum of aad eqmvalents m blood serum can ever exceed that of base, 
it IS almost as hard to beheve that the estimations of combimng equiva- 
lents of aads other than protein can be greatly m error It is also 
worthy of note that similar negative values have not been found m a 
large number of observations of normal human subjects, and have 
been encountered extremely rarely m patients with other pathological 
conditions 

On the whole orgamc aad concentration is seldom high and usually 
qmte low High values seem to appear at certam stages of the disease 
m mdividual cases only, and may well be due not to the renal disease 
itself, but to some conconutant symptoms or conditions such as mter- 
current infectious or vomitmg 

Inorganic pJwspliate, with few exceptions, lay within the hnuts of nor- 
mal vanation It usually fell shghtly as edema disappeared and 
patients improved Mmor fluctuations can be observed foUowmg 
certain therapeutic measures, espeaaUy ammomum chlonde The 
latter wiU be discussed elsewhere Occasionally deadedly high 
figures were obtained without any evident reason, notably m cases 
34753, November 16 and December 18, and 61090, October 25 and 31 
(The last two values in 34753 must be laid to the effects of pentoni- 
tis ) So suddenly and unexpectedly do these high levels appear and 
disappear that one is mclmed to ascnbe them to techmcal errors 
Duphcates checked well and normal values were obtamed from other 
patients on the same days The sera were separated so expeditiously 
and with such care that there is no reason to beheve that phosphorus 
escaped from cells to serum In extensive studies of normal and diabe- 
tic sera no such high values were ever found In this senes they 
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Bicarbomte Reduction of bicarbonate, when it occurs, does not 
seem to be due to accumulation m the blood of abnormal aads 
Orgamc aad and phosphate are seldom elevated Bicarbonate deficit 
(aadosis) is usually assoaated with hyperchloremia, low base or both 
Because protem is low, bicarbonate is forced to yield less than it other- 
wise would to these factors and senous bicarbonate defiats are seldom 
observed except after ammomum chlonde When Cl remains normal 
as in 34753 and 62246, bicarbonate is often high m spite of base defi- 
aency, by virtue of the small base combinmg powers of the dimmished 
protem 

Base The outstanding feature of the total base values is their van- 
ability This is illustrated m figure 1 Of the 59 base detenmnations 
35 he either above or below the normal limits The distnbution of 
these abnormal values is dluimnating 29, or almost half of the total 
number of observations are low, while only 6 are high Certainly, 
m this senes of cases, base defiaency is far more common than base 
excess The proportions of water to solids m several mstances was 
directly determined The weight of sohds, as was expected, tended 
to parallel the protem concentration’ and was therefore, low This 
would seem to estabhsh the fact that the total concentration of 
electrolytes per umt of water m the sera of these subjects was low, 
a condition which should cause the osmotic pressure to fall below the 
usual level (hypotomaty) Often enough this condition may have 
been produced or favored by the treatment, restnction of salt without 
purposeful restnction of fluids It was, however, found (m case 
34753 for example) before treatment 

The level of base bore no direct relation to that of any other serum 
component studied, nor was it assoaated with the concentration of 
non-protem nitrogen m the blood 

DISCUSSION 

Only one abnormal feature is charactenstically and consistently 
encountered m the electrolyte picture m the -sera of patients with the 
hydropigenous nephntides this is reduction of the concentration of 
protem, and especially the albumm fraction Furthermore, this is 

’Presumably because of their large lipoid content, sera from these pabents 
contamed a larger quanfaty of solids m proporbon to protem than was foimd in 
the sera of other patients 
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the only change that can be related with any consistency to the occur- 
rence of or tendency to edema Figure 2 shows that edema was 
almost mvanably found when the total serum protems were less than 
4 per cent and never occurred when thej’- exceeded 5 per cent Linder, 
Lundsgaard and Van Slyke (9) found a similar relation between 
tendency to edema and protein concentration This lends consider- 
able support to the theory of Govaerts (10) and Schade and Claussen 
(11) They beheve that protem defiaency, by reduang the colloid 
osmotic pressure of the serum, dunimshes the force which ordmanly 
resists the tendency of hydrostatic pressure (blood pressure) to force 
flmd through the capdlary walls into the tissues In the edematous 
nephntides the coUoid osmotic pressure is reduced even more than the 
total serum protem concentration would mdicate, because the osmotic 
pressure of a gram of albumin is, as Govaerts (12) has shown, much 
greater than that of a gram of globulm 
Alterations of orgamc aad and phorphorus are rare and must play 
an unimportat part m the pathogenesis of edema and other symptoms 
Bicarbonate also appears to occupy a rather msignificant, if helpful 
position Its behavior seems to illustrate beautifully what Gamble 
(13) has called its “mendicant position ” It effaces itself as far as 
possible when there is too httle base to completely satisfy inflated Cl, 
thankfully accepts what base the weakened protems can no longer hold 
It IS hard to beheve that it is acting more than a helpful secondary 
idle, fittmg m where it may prove useful 
Base has been found to be quite vanable, sometimes above and 
sometimes below the normal limits In this senes it was low in about 
one-half the determmations, high m only about one-tenth With 
the reasonable assumption that base is distnbuted m approximately 
uniform concentration throughout the flmds of the body, the frequent 
occurrence of base defiat is a cogent argument agamst the generally 
accepted theory that water accumulations m nephntic edema are 
entirely secondary to retention of sodium Reductions of serum base 
are, perhaps, more frequent m the studies here reported because a more 
purposeful effort was made to restnct salt m the diet than to limit the 
flmd intake However, low base concentrations were found in the 
sera of some patients before treatment was mstituted 
Serum base excess was observed espeaally durmg the earlier part of 
the hospital course of patients 35628 and 34854 At these times both 
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the base changes here reported For the latter, alterations of sodium 
concentration must be chiefly responsible In this case repositones m 
which It may be retamed are presumably extracellular,—! e , the edema 
transudates themselves Exammabons of such transudates by others 
(15) and m case 61090 have invanably faded to reveal base concentra- 
tions higher m relation to those of the serum than would be anbapated 
on the basis of current theories of osmotic equihbnum Cl distnbu- 
bon is not so uniform (16) , m two mstances in the present mvesbgabon 
(61711 and 61090) the chlonde concentrabon of transudates proved 
far higher than that of serum 

In about one-third of the detemunabons the concenbabon of Cl 
was disbncby above the normal limits of vanabon, whde hypochlor- 
emia was never observed This agam is hard to explam on the theory 
that it IS the basic ion Na+ and not the aad Cl" which is chiefly 
retamed by patients with nephnbc edema The chlonde excess can 
not be looked upon merely as a compensatory reacbon agamst protem 
defiat because it is sometimes so large (35628, January 13, 34854, 
October 16, 23, 28, November 6) that, with base normal or high, it 
makes up for the protem defiat and forces a recession of bicarbonate 
as well This would mdicate that m the hydropigenous nephnbdes 
the Cl" ion is usually excreted with the greatest difficulty ^ Nor is 
there any direct or mdirect evidence of importance to prove that this 
IS not the case Hyperchloremia has been found frequently by other 
observers (16, 17) , high base rarely (14, 16, 17) 

Changes m the concentration of the morgamc electrolytes can not 
be duecby connected with the presence or absence or degree of edema 
This IS clearly shown m figures 1 and 2 Extremely distorted electro- 
lyte patterns are less often noted m the absence of edema, but the 
number of blood studies on non-edematous patients are, for obvious 
reasons, too few to permit vahd companson Disbncby abnormal 
elecbolyte pictures mvolvmg disturbances of base. Cl and HCOt 
were certainly encountered when no edema could be detected Due 
considerabon must, of course, be given to the fact that absence of 
edema was produced and mamtamed m most mstances only by contm- 

^ The authors do not mean to imply that the faulty excretion is necessarily due 
to abnormahties m the renal mechanism 
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nous tendency was at its worst, the production of extreme hyperchlor- 
emia and consequent aadosis was entirely meffectual as a diuretic 
measure (34854, November 13 to 18, 34753, December 18 to 23, 
61090, July 6 to 14) Salt poor diets m which both base and Cl were 
presumably low were more often followed by a fall of serum base than 
reduction of serum chlonde AU. these results mdicate that the Cl ion 
IS excreted with extreme difficulty 

Gamble (17) has suggested that the hyperchloremia is a reaction 
which promotes diuresis m these cases With this pomt of view the 
authors agree, but not with the apparent imphcation that it is a favor- 
able adaptive reaction It is merely the direct result of failure to 
excrete Cl When this failure produces a suffiaently unbalanced 
electrolyte pattern diuresis results Diuresis may be mduced by exag- 
geratmg the imbalance by givmg ammoma chlonde 
By the same reasonmg one would expect bicarbonate to favor reten- 
tion of water If there is a specific excess of Cl or any other aad ion 
m the blood the a dmini stration of bicarbonate is equivalent to giving 
so much base The bicarbonate ion is excreted by the limgs, leaving 
the base to combme with the Cl This is, of course, a step towards 
the restoration of a normal electrolyte picture and must, therefore, 
remove the stress which was forcmg diuresis 
Transferrmg emphasis from sodium to chlonde and water alters 
current therapy but httle Restnction of salt remams the most 
practical routme procedure Diets poor m Cl are also poor m base 
Without salt the desire to take fluids dimmishes, therefore the restnc- 
tion of salt results m fluid hmitation without distressmg the patient 

SUMMARY 

1 The concentration of base and the most important aads (protein, 
bicarbonate, chlonde and morgamc phosphate) m the serum, together 
with the mtrogen and chlonde metabolism of patients with nephrosis 
and nephrotic types of chrome glomerular nephntis have been deter- 
mmed 

2 Neither the level of proteins m the serum nor the electrolyte 
pattern permits differentiation between nephrosis and the nephrotic 
type of chrome glomerular nephntis 
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provement clinically on the other, it seemed desnrable to study further 
the creatine-creatimne metabohsm in this disease as influenced by the 
admmistration of iodine Furthermore, the intimate assoaation of 
creatme and creatinme with muscle function and the important and 
stnkmg symptom of muscular weakness in this disease add interest 
to the observation we desire to report 

EXPERIMENTAL 

Cases of exophthalmic goiter were studied m a speaally organized 
metabohsm ward m order to msure proper dietary control and accurate 
collection of urmary specimens The diets employed were creatme- 
free with a caloric value equivalent to 100 per cent above the actually 
determmed basal requirement The protem was fixed between 1 and 
1 J grams per kilogram, the carbohydrate and fat distnbuted accordmg 
to the mdividual preferences of the subject Invanably the carbo- 
hydrates were more freely taken than the fats Silch a diet m our 
experience has estabhshed mtrogen equihbnum or a positive nitrogen 
balance withm three or four days After a penod of three days to a 
week lodme was admimstered as Lugol’s solution m 1 to 3 cc amounts 
daily, m practically all mstances as part of the preparation for partial 
thyroidectomy Creatine and creatinme were determined by the usual 
Fohn method All specimens of urme were examined for ketone bodies 
before the determinations were made At the outset dunng the winter 
1925-1926 unc aad and mtrogen balances were determined Later 
these observations were discontinued for reasons given later 

Eight of the cases reported m this paper were studied by D A C 
m the Lane and Stanford Umversity Hospital m San Franasco dur- 
ing the winter of 1927 and 1928 Some of these patients received 
iodine m the form of sodium iodide either alone or in assoaation with 
Lugol’s solution 


RESULTS 

For convemence m discussion the 43 cases studied are divided mto 
two groups and arranged m order of the elevation of the basal meta- 
bohc rate m tables 1 and 2 The first group, table 1, includes the cases 
quite generally recognized as true exophthalmic goiter, and the second 
group m table 2 the subjects, as a rule older, without exophthalmos 
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Exophlhalmtc goikr Group I 
C^3 arranged in order of the initial basal metabolic rate 
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The creatine excretion was quite irregular m this 
case unta after iodine was started 
Considerable difficulty was experienced in collecting 
complete specimens, the amounts reported are 
taken from days when the specimens were complete 
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Toxtc adenoma Group II 
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Chart 1 Case 27 Between December 6 and January 7 the Patient Received 2 cc Ldgol’s Solution Daily Eycept 

One Week Before the X-ray Treatment on December 24 
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Chart 1 Case 27 Between December 6 and January 7 the Patient Received 2 cc Ldgol’s Solution Daily Eycept 
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from the urme Most of the chmcal sjonptoms and metabohc dis- 
turbances in this disease are attributed to an mcreased amount of the 
active prmaple, thyroxme, circulatmg m the body The evidence 
for such a hypothesis is considerable Feedmg thyroid gland or thy- 
roxme to normal mdividuals and animals reproduces the symptoms 
and metabohc changes observed m the disease with the exception of 
exophthalmos In our experiments we were able to brmg the sub- 
jects dl with exophthalmic goiter into mtrogen equihbnum without 
influencmg greatly the creatmuna which is mterestmg m connection 
with Benedicts and Osterberg’s (5) experiments with phlonzinized 
dogs which were given suffiaent amounts of creatme-free protein to 
abohsh the negative mtrogen balance without diminishing the ex- 
cretion of creatme Followmg the admimstration of lodme there 
resulted a rapid dimmution of the creatine in the urme to merely 
traces In a few mstanCes this occurred without reduction of the 
basal metabohsm, also a few cases with high basal rates excreted very 
httle creatme with or without lodme As the latter phenomenon 
occurred most frequently m the group designated as “toxic adenomas” 
the question anses whether the pathological process in these cases 
differs m any way from the patients classified as exophthalmic goiter 
There is msuffiaent evidence at present to answer this question 
Certain it is that m those cases of hyperthyroidism with significant 
amounts of creatine m the urme there is marked dimmution m the 
creatmuna followmg the mtake of lodme It is difi&cult to separate 
this fact from the benefiaal effect of lodme m general Manne sug- 
gests that the histological change m the hyperplastic thyroid gland 
brought about by iodine resulting as it does m distending the acmi 
with coUoid matenal, impairs the arculation in the vascular and lym- 
phatic systems thereby preventmg the escape of thjnroxme into the 
general circulation This view would seem to be consistent with the 
evidence available at present Such bemg the case it would appear 
that thyroxme m abnormal amounts is directly assoaated with the 
appearance of creatme in the unne In support of this conception 
IS the fact that both m men (6) and animals (7) creatmuna is pro- 
duced by feedmg either the thyroid gland or the actual prmaple 
Sturgis and assoaates (8) showed that the mcreased basal metabohsm 
produced m rabbits by feedmg thyroid extract was not lowered by the 
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and metabohc changes observed m the disease mth the exception of 
exophthalmos tn our experiments we were able to bnng the sub- 
jects lU with exophthalmic goiter mto mtrogen equihbnum without 
influencmg greatly the creatmuna which is mterestmg m connection 
with Benedicts and Osterberg’s (5) experiments with phlorizimzed 
dogs which were given suffiaent amounts of creatme-free protein to 
abohsh the negative mtrogen balance without diminishing the ex- 
cretion of creatme FoUowmg the administration of lodme there 
resulted a rapid diminution of the creatme m the unne to merely 
traces In a few mstaniies this occurred without reduction of the 
basal metabohsm, also a few cases with high basal rates excreted very 
httle creatme with or without lodme As the latter phenomenon 
occurred most frequently m the group designated as “toxic adenomas’' 
the question arises whether the pathological process m these cases 
differs m any way from the patients classified as exophthahmc goiter 
There is msuffiaent evidence at present to answer this question 
Certam it is that m those cases of hyperthyroidism with significant 
amounts of creatme m the unne there is marked dimmution m the 
creatmuna foUowmg the mtake of lodme It is difficult to separate 
this fact from the benefiaal effect of lodme m general Marme sug- 
gests that the histological change m the hyperplastic thyroid gland 
brought about by iodine resultmg as it does m distendmg the aani 
with coUoid matenal, impairs the arculation m the vascular and lym- 
phatic systems thereby preventmg the escape of thyroxme mto the 
general arculation This view would seem to be consistent with the 
evidence available at present Such bemg the case it would appear 
that thyroxme m abnormal amounts is directly assoaated with the 
appearance of creatme m the unne In support of this conception 
is the fact that both m men (6) and animals (7) creatmuna is pro- 
duced by feedmg either the thyroid gland or the actual pnnaple 
Sturgis and assoaates (8) showed that the mcreased basal metabolism 
produced m rabbits by feedmg thyroid extract was not lowered by the 
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Burrows (1) has been led to beheve that cancer may be due to a local 
excess of vit amin B m the tissue and he and his co worker Jorstad 
bring forward some evidence that the Jensen rat sarcoma does actually 
contain an abnormally great amount of this accessory food substance 
(2) (3) They fed young rats a basic diet free from vitamin B to 
which were added ten grams Jensen rat sarcoma and from the growth 
curves obtamed on this diet they conclude that cancerous tissue con- 
tains an abnormally great amount of vitamm B No normal resting 
organ was, however, directly contrasted with the mahgnant tissue, so 
we are left m doubt as to the exact quantitative difierences in vitamm 
B content between normal and neoplastic tissue If cancer really be 
due to, or assoaated with, an mcrease of vitamm B, then actively 
growing neoplastic tissue should, as Burrows daims, contam more of 
this accessory food factor than, normal tissue Experiments were 
therefore devised to check the results of Burrows and Jorstad as the 
matter is not without both theoretical and practical importance 

Young white rats were placed on a basic diet contarmng 
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feruni 
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Starch 


Butter fat 

a'l 

Salt mixture 
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The salt mixture was that desenbed by Osborne and Mendel (4) AU 
mgredients were free from vitaiiun B Each rat was kept m a separate 
cage and adequate precautions were taken against the consumption of 
feces Tap water was given freely at all tunes Each rat was 
weighed every two days. The basic vitamm B free diet was renewed 
daily In addition to the basic diet each rat received m a separate 
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Ten rats were fed human cancer, twelve were fed mouse cancer, six 
normal mouse hver, and four were placed on pure diets without addi- 
tion of tissue (chart 1) 

An eiammation of chart 1 shows that even 500 mgm dried human 
cancer per diem was insuffiaent to produce adequate growth After a 



Chart 2 Average Weights at iue Beginkino of t u t.' Experhient and at 
THE End of the Feeding Periods on Various Diets 

prchminary increase m the weight of the animals presumably due to 
stored vitamin B there was in all instances a prompt and rapid fall 
in weight This nse and faU wdl further be seen to be virtually mde- 
pendent of the amount of tissue fed-ln this instance a rapidly growing 
caranoma of the kidney removed at operation The tumor was com- 
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STUDIES ON DIGITALIS IN AMBULATORY CARDIAC 
PATIENTS 

n The Elimination of Digitaiis in Man 

Bv HARRY GOLD and ARTHUR C DeGRAFF 

(From lie Third Uabcal (Aew Vort Unmrttty) Dtrdnon of BiSaue Bosfilol mid 
Depcrtment of Pkarmacoloty of ComtU Unirtmly iStduol ColUse) 

(Received (or publication September 14, 1928) 

A study of the rate of elimmation of digitalis m nonnal animals m 
terms of persistence of action was published by one of us (ll m 1923 
The curves invariably show that after a single large injection, ehmi' 
nation is very rapid at first and then slower, ne , as the quantity of 
digitalis m the body diminishes, that elimmated daily also d im i ni shes 
This was demonstrated m another way as seen from the followmg 
example taken from that paper each of several animals received a 
smgle mtravenous mjectionof 75 per cent of the average fatal dose of a 
given tmcture of digitalis In 24 hours, the average quantity ehmi 
nated was 45 per cent of a fatal dose. If the capaaty for ehmmation 
of the drug could be expressed as a fixed quantity per day — 15 per cent 
of a fatal dose for this specimen — an animal receivmg a daily mtrave 
nous injection of SO per cent of a fatal dose of this tmcture would reqmre 
about 20 such daily doses to cause death, and an animal receivmg a 
daily mjection of 25 per cent of a fatal dose of this specimen would 
never accumulate suffiaent digitalis m the body to cause death As a 
matter of fact, two animals that had received daily mjections of 50 
per cent of a fatal dose of this tmcture died after the fourth and fifth 
dose, respectively, and two animals that had received daily mjections 
of 25 per cent of a fatal dose died after the tenth and eleventh mjection 
respectively The conclusion necessarily follows that the amount of 
digitalis ehmmated daily depends upon the amount of the drug m the 
body, and that m all probabihty, only a percentage of that present 
can be ehmmated m a umt of time 

The curve of digitalis ehmmation is rendered comple.v by the presence 
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ism and with the evidence obtained from animal experiments con 
ceming digitalis elimination, caused us to question the adequacy of 
the method employed to determine the dady rate of disappearance 
of digitahs in man A number of expenments earned out m the chmc 
appears to us to leave little doubt that m essentials, man does not 
differ from other animals m the elimmation of digitalis They show 
that the daily excretion dose is a mtsconceplton, that the amount of 
digitalis eliminated in a day cannot be stated as a given quantity tinder all 
condthons, but vanes with the amount of the drug present in the body 
These experiments are the subject of the present report 

The studies have been earned out upon ambulatory cardiac pabents 
with auncular fibnllabon, because m these the onset and disappearance 
of digitalis effects can be established with greater precision The 
type of medical and soaal service orgamzabon of this dime' and the 
personal contact established between the pabents and the staff, have 
made it possible to carry out observabons over long penods of time 
with results as rehable, withm limits, as those earned out on a hospital 
ward in this type of work. Patients who could not be depended upon 
to comply stnctly with orders were excluded from the study Digi- 
talis was employed in a manner similar to that desenbed m a previous 
paper (6) Compressed tablets of dned digitalis leaf standardized 
by the cat umt method, were dispensed to the pabents and the daily 
amount ordered to be taken in a smgle dose. 

The ventncular rate was used to mdicate the mtensity of digitalis 
action and this was parbcularly satisfactory m that group of pabents 
who ate in this respect very sensitive to the drug, m whom marked 
changes m the ventricular rate occur readily when the drug is given or 
withheld In all instances the work and exercise dunng a given period 
were mquired about so as to exclude those cases m which it could not 
be stated with a fair degree of certainty that there was neither more 
eierbon nor more rest to account for the changes m the rate attnbuted 
to the withdrawal or admimstration of digitalis The apex rate was 
counted by the stethoscope under fairly uniform condibons with the 
patient sittmg or lying after a period of rest With these precautions, 
the occasional variability is far less striking than the general umformity 

‘ The Adult Cardiac Clmic of Bellevue Hoapital 
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Patient E P (cliart 1) appeared at the dime with a ventncular rate 
of 164, he had never had any digitalis He was permitted to go one 
week longer without the drug and the rate remamed unchanged He 
was then given 0 2 gram daily of specimen “A ” The rate gradually 
decreased, reached a level of about 80 by the third week, and remained 
constant durmg a subsequent penod of observation of six weeks during 
which the same dose was taken Several months later, this patient 
was under the influence of digitalis and the ventncular rate was 64 
The drug was withheld for a period of three weeks and the ventncular 
rate mcreased to 136 He was then given 0 2 gram daily of specimen 
“D ” The ventncular rate agxun diminished gradually and reached 
a level of about 80, at which it remained for several weeks with the 
same daily dose of the drug This was repeated at a subsequent time 
with specimen “C ” 

Smee progressively increasing mtensity of the digitalis effect men- 
tioned (depression of conduction) during the adnunistrabon of a fixed 
daily dose of the drug is taken as evidence that the patient is receivmg 
more digitalis than he is eliminating, it must be assumed that when 
this patient had no digitalis in the body, he was incapable of eliminat- 
ing the 0 2 gram that was given daily, but after he had accumulated a 
certam portion of the 4 2 grains that had been given in a penod of 
twenty-one days, he now was eliminating 0 2 gram dady 

It IS also interesting to note that the curves are essentially similar 
with specimens “A” and “D” which are very similar m activity, the 
former 79 mgm , the latter 87 mgm to the cat umt With specimen 
"C” It took more time to accumulate sufBaent digitalis to produce 
the results as might have been antiapated from the fact that it was a 
poor specimen with an activity of 140 mgm to the cat umt 

In patient J R (chart 2), after digitalis had been given for several 
months, the drug was withheld and the ventncular rate gradually 
increased durmg a penod of twelve weeks to 120 The patient then 
received 0 2 gram daily of specimen "D” and the rate gradually 
duninished until it reached a level that was mamtamed for several 
weeks The dose was mcreased to 0 25 gram daily for fourteen weeks 
(98 doses) and the rate remamed unchanged This mdicates that a 
patient who was able to ehmmate 0 25 gram dady after considerable 
digitalis had accumulated, was unable to ebminate even 0 2 gram dady 
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TABLE 1 

SJunmnt duticaJ dassiJaUUn of the patients used for the tests that are suminarwd 
tA tabie 2 


Nambor 

Sex 

A<e 

Welfht . 


Dia^nosb 

Fimc- 

Uoul 


EtSokeicca 

AwiCofliical 

doa 

994 

11 

27 

65 9 

Rheumatic 

Enlarged heart, mitral stenosis 

U-a 

1261 

M 

39 

70 9 

Rheumatic 

and insufficiency aortic 
stenosis and Insufficiency 
Enlarged heart, mitral stenosis 

nb 

65 

M 

56 

66 3 

Rheumatic 

and insufficiency 

Enlarged heart, mitral stenosis 

i 

HI 

1119 

11 

58 

100 

Unknown 

and insufficiency, aortic 
stenosis and insufficiency 
Enlarged heart 

Ilb 

1254 

M 

48 

67 2 

Rheumatic 

Enlarged heart, mitral stenosis 

nb 

1369 

11 

58 

98 6 

ArtenoscleroUc 

and insuf&ciency 

Enlarged heart 

n-b 

1388 

11 

67 

60 0 

Arteriosclerotic 

Enlarged heart 

Ub 

1715 

F 

51 

50 0 

Arteno sclerotic 

Enlarged heart 

n-b 

124 

F 

35 

63 6 

1 Rheumatic 

Enlarged heart, mitral stenosis 

Ub 

594 

F 

58 

61 8 

Arte no sclerotic 

and insufficiency 

Enlarged heart 

Ub 

1768 

11 

35 1 

61 3 

Rheumatic 

Enlarged heart, mitral stenosis 

Ub 

1181 

1 

IX 

54 

1 

62 2 

1 

Unknown 

and insuffiaency 

Enlarged heart 

Ub 

948 

11 

18 

40 9 

Rheumatic 

Enlarged heart, mitral stenosis 

Ub 

1519 

F 

38 

70 0 

Rheumatic 

and insufficiency, adhesive 
pencarditis 

Enlarged heart, mitral stenosis 

U-b 

1201 

ax 

46 

70 4 

Unknown 

and insufficiency 

Enlarged heart 

n-a 

629 

M 

51 

71 3 

Unknown 

Enlarged heart, mitral stenosis 

u-a 

1848 

F 

36 

60 0 

Rheumatic 

and insufficiency 

Enlarged heart, mitral stenosis 

Ub 

1858 

F 

38 

60 0 

Unknown 

and iniufBcicncj 

Enlarged heart 

Ub 

1728 

F 

60 

83 6 

Unknown 

Enlarged heart 

Ub 

679 

ax 

32 

55 9 

Unknown 

Enlarged heart, mitral stenosis 

Ub 

1892 

F 

36 

52 7 

Unknown 

and insufficiency 

Enlarged heart 

Ub 

1855 

F 

41 

90 9 

Unknown 

Enlarged heart mitral stenosis 

Ub 

1615 

IX 

67 

86 3 

Arteriosclerotjc 

and uuuffidcncy 

Enlarged heart, aortltu 

n-a 


* (n a) able to cany on lUgbUy duninisbed physical activity (XI b) able to cany 
on RTcatly dimmisbcd physical activity (IIX) «>'mptom* of heart failure at rest 
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M 

67 

60 0 

Arteriosclerotic 

Enlarged heart 

nb 

1715 

F 

51 

50 0 

Artenosderotic 

Enlarged heart 

n-b 

124 

F 

35 

63 6 

Rheumatic 

Enlarged heart, mitml stenosis 

Ub 

594 

F 

1 

1 53 

61 8 

Arteriosclerotic 

and insuffidency 

Enlarged heart 

nb 

1768 

M 

35 

61 3 

Rheumatic 

Enlarged heart, mitral stenosis 

nb 

1181 

M 

54 

1 

62 2 

Unknown ^ 

and irLUiSiaejicy 

Enlarged heart 

nb 

948 1 

if 

18 

40 9 

Rheumatic | 

Enlarged heart, mitral stenosis | 

nb 

1519 

F , 

S8 

70 0 

Rheumatic 

and insufficiency, adhesive 
pericarditis 
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n-b 
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M 

46 

70 4 

Unknown 

and insuffidency 

Enlarged heart 1 

n-a 

629 

M 

51 

71 3 
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n-a 

1848 

F 

36 

60 0 

Rheumatic 

and Insuffidency 
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nb 
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F 

38 

60 0 
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and iniiiffiaenc> 

Enlarged heart 

nb 
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F 

60 

83 6 

Unknown 
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nb 

679 

M 

32 

55 9 
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Enlarged heart, mftraf stenoais 

nb 

1892 

F 

36 

52 7 

Unknown 

and insuffidency 

Enlarged heart 

nb 

1855 

F 

41 

90 9 

Unknown 

Enlarged heart mitral stenosis 

nb 

1615 

il 

67 

86 3 

ArterioscleroUc 

and uuuffiaency 

Enlarged heart, aortltu 

n-a 


• (n a) able to carry on lUghtly dunlnlsbed physical activity (II b) able to carry 
on (pcatly duninUbed phyaical activity (m) aymptomi of heart failure at rest 
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0 
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7 
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7 
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28 


2C 
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28 

56 
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0 

21 
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28 


3-E 
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21 
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21 



0 
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0 13 

21 


4-E 

0 13 

21 



0 13 

14 
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23 



( ® 

14 



0 2 

7 



0 2 

7 




7 


1 C 


14 



0 2 

21 




14 




21 

1119 







35 




7 



0 2 

14 



0 2 

28 



0 2 

28 



0 2 

28 



0 2 

28 


\«ntncuUr 


126 

84 

86 

81 

84 

78 

80 

82 

70 

96 

72 

66 

66 

66 

61 

66 

100 

82 

82 

80 

78 

120 

92 

74 
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84 

90 

112 

90 

78 

74 

74 

72 

74 

70 

130 

KM 

94 

78 

88 

80 

88 
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Number of pAtlent 

Number of te»t uui 
ipcdmen of diciuUi 

DaOy tlote 

Number of 
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120 



0 2 

7 
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0 2 

7 

94 



0 2 

21 

103 



0 3 

U 

86 

679 

Z-F 

0 3 

u 

72 



0 3 

21 
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21 
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0 3 

21 

76 
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21 

so 
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21 

78 



Tincture takei 
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7 

100 

1892 

1 F 

0 2 

7 

81 



02 

7 

86 



0 2 

7 

86 



0 

14 
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0 1 

7 

83 



0 1 

7 




0 1 

7 


1855 

1 F 1 

0 1 

7 




0 1 

21 




0 1 

21 




0 1 

21 




0 1 

21 

75 



0 2 

294 

72t 



0 

7 

72 



0 

H 

106 



0 

7 

no 



0 

7 

99 

1615 

IF 

0 13* 

7 

126 



0 2 

7 

106 



0 2 

14 

86 



0 2 

21 

68 



0 2 

14 

76 



0 2 

21 

71 



0 2 

21 

71 
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t A> eragc of 1 1 records. 
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7 
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7 
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21 
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U 
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21 
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21 
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21 
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21 
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7 
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1892 
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0 2 

7 
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02 

7 

86 



0 2 

7 
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0 

14 

100 
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7 
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7 
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7 

76 
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7 
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21 
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21 
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21 

57 
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21 

75 
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0 

7 
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0 

14 

106 



0 

7 

no 



0 

7 

99 
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IF 
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7 
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7 
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14 
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21 
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14 
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21 
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21 
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